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ABSTRACT 

There is concern that fishing methods used by the eastern tropical Pacific Ocean 

(ETP) tuna purse-seine fishery may cause stress to dolphins, and that such stress may be 

having an adverse impact on reproduction or survival in these mammals. Recent 

legislation, the 1997 International Dolphin Conservation Program Act, required this 

review of stress-related research to provide a context for hture scientific findings. This 

review includes background information on the ETP tuna fishery and the dolphins 

involved. General information regarding stress theory and the physiology of stress is also 

included. Four general areas of study are reviewed that provide information on 

physiological and behavioral responses to stress that may be relevant to dolphins 

involved in the ETP tuna purse-seine fishery. These include laboratory research, research 

on domestic animals, clinical studies of stress effects in humans, and research on free- 

ranging mammal populations. 

Potential stress effects of specific fisheries operations (search, chase, and capture) 

on the dolphins involved in the ETP fishery are considered. Search operations may cause 

disruption of habitat utilization, foraging activities, and social activities. Chase and 

capture operations may cause immediate or short-term physiological responses such as 

activation of the hypothalamic-pituitary-adrenal axis in response to psychological or 

social stressors. Psychosocial stressors include separation of mother and young, 

separation from social groups, social aggression during net confinement, and novelty. 

Other potential short-term responses of dolphins to chase and capture include severe 

muscle damage resulting in a condition known as capture myopathy and hyperthermia. 



The potential sublethal effects of long-term stress include stress-induced 

pathologies, compromise to the immune system, as well as impaired reproduction, 

growth, and metabolism. Based on information from other mammals it is plausible that 

reproduction for some proportion of female dolphins will be disrupted, either as a result 

of the hypothalamic-pituitary-adrenal response to stress or through the development of 

pathologies resulting from chronic stress. Cow-calf separation can occur as the result of 

chase and capture, and it appears that young animals may be particularly vulnerable to 

impacts of fisheries operations. Maternal separation and novelty may induce significant 

hypothalamic-pituitary-adrenal responses in young animals, and this can result in 

impaired growth. 

Although this review of existing literature regarding stress in mammals can not 

provide a quantitative answer to the question of whether the tuna fishery is causing stress 

to affected dolphin populations, the available information and evidence point to the 

likelihood that physiological stress is induced by fisheries activities. It is therefore 

plausible, that stress resulting from chase and capture in the ETP yellowfin tuna purse- 

seine fishery could have a population level effect on one or more dolphin stocks. 
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I. BACKGROUND INFORMATION 

A. INTRODUCTION 

In an effort to reduce dolphin mortality in the eastern tropical Pacific Ocean 

(ETP) tuna purse-seine fishery, an agreement called the Declaration of Panama was 

negotiated by the United States and eleven other fishing nations in 1995. The agreement 

imposes a total mortality limit of 5,000 dolphins per year and intends that all countries 

will take steps to eliminate mortality entirely. The International Dolphin Conservation 

Program Act (IDCP Act; U.S. Public Law 105-42), a 1997 amendment to the Marine 

Mammal Protection Act, was created to give effect to the Declaration of Panama by 

allowing the importation of currently embargoed yellowfin tuna into the United States. 

The law also includes provisions that could allow tuna caught by the intentional 

encirclement of dolphins with a purse-seine net in the ETP to be declared "dolphin safe" 

if no dolphins are observed to be killed or seriously injured in that set. 

There is concern that fishing methods used by the ETP tuna-dolphin purse-seine 

fishery may cause stress to dolphins and that such stress may be having an adverse 

impact on reproduction or survival of these animals. As a result, the IDCP Act requires 

that research consisting of population abundance surveys (see Gerrodette et al., 1998) and 

several "stress studies" be conducted by the National Marine Fisheries Service (NMFS) 

to determine whether the "intentional deployment on, or encirclement of, dolphins by 

purse-seine nets is having a significant adverse impact on any depleted dolphin stock." 

Initial findings, based on preliminary results of the research program, are to be made by 

March 3 1, 1999, with final conclusions and recommendations reported to Congress by 

December 3 1,2002. 
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Among the stress studies required by the IDCP Act is a review of relevant stress- 

related research. This report addresses that requirement by reviewing current knowledge 

of stress in mammals, focusing on scientific information regarding physiological 

responses to stress and the potential consequences of fishery-induced stress to dolphins 

involved in the ETP tuna-purse-seine fishery. The overall objective of this review is to 

provide a context for future scientific findings by describing what is known about 

physiological and behavioral responses to stress in mammals and relating that 

information to the chase and encirclement of dolphins in the ETP fishery. 

Investigations of stress have been numerous and diverse, ranging from controlled 

laboratory studies of neuroendocrine processes to field observations of behavior. The 

multitude of work on the subject precludes a comprehensive review of research on stress 

in mammals. Rather, the intention here is to provide background information and to 

document relevant examples of scientific evidence that pertain to the potential for 

fishery-induced stress and resultant physiological responses of affected dolphins in the 

ETP . 

Section I of this review provides background information on the ETP tuna fishery 

and the dolphin stocks involved, and then summarizes the fisheries procedures related to 

chase and capture. As a basis for later discussion of the potential consequences of stress 

to dolphins involved in the fishery, this background section also includes a brief 

description of the concept of stress and the development of stress theory. The section 

outlines the four general areas of study that have provided primary information on the 

kinds of physiological or behavioral responses to stress that may be relevant to dolphins 

involved in the ETP tuna purse-seine fishery. These areas of study include laboratory 
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research, studies conducted to investigate the effects of stress on domestic animals, 

clinical studies of stress effects in humans, and research on free-ranging mammals. 

Lastly, the background section includes general information on the current understanding 

of stress physiology. 

Section I1 proceeds to a discussion of stress responses that might be expected in 

ETP dolphins affected by the tuna purse-seine fishery and considers effects due to search, 

chase, and capture operations. Short-term (immediate) physiological responses are 

considered first (e.g. capture myopathy, thermoregulation), followed by potential long- 

term effects (e.g. stress-induced pathologies, changes in immune and reproductive 

function, and effects on growth). 

Section I11 concludes the review with a general summary discussing the likely 

effects of fisheries-induced stress on individual dolphins in the ETP and potential effects 

on dolphin populations. 

B. THE ETP YELLOWFIN TUNA FISHERY 

A brief description of dolphin involvement in the ETP yellowfin tuna purse-seine 

fishery and a general outline of fisheries operations are provided here, as they are useful 

for examining aspects of the fishery that could cause stress to dolphins (Table 1). Joseph 

(1994) and Gosliner (in press) have provided descriptions of the recent history of 

conservation issues surrounding the fishery and several additional references describe the 

fishery and fisheries operations in varying detail (Coe et al., 1984; National Research 

Council, 1992; Ben-Yami, 1994; Hall; 1998). 
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1. Dolphins and The ETP Tuna Purse-Seine Fishery 

Because there is an association between tuna and dolphins, fishermen in the tuna 

industry often set purse-seine nets on dolphin schools as a means of catching tuna (Pemn, 

1969). Pantropical spotted, Stenella attenuata, spinner, S. longirostris, and common, 

Delphinus spp., dolphins are the species most often found in association with tuna 

(predominately yellowfin, Thunnus albacares; Hammond, 198 1 ; Au and Pitman, 1988). 

The reason for the bond and the relative importance of it for either dolphins or tuna is not 

known (Hammond, 1981; but see Au and Pitman, 1986; Au 1991; Edwards, 1992). 

Perrin et al. (1985), Perrin et al. (1991), and Dizon et al. (1994) have described 

the stocks involved in the ETP tuna fishery. Three stocks are considered to be depleted: 

the northeastern offshore spotted dolphin, and the eastern and coastal spinner dolphin 

stocks. Wade and Gerrodette (1 993) estimated 730,000 northeastern offshore spotted 

dolphins and 630,000 eastern spinner dolphins in the ETP. Current estimates are not 

established (but see Gerrodette et al., 1998). The northeastern spotted dolphin is the 

target of approximately 85% of all sets on dolphins. Spotted dolphins occur mostly in 

single-species herds, but a significant fraction of schools also include eastern spinner 

dolphins. 

Historically, levels of dolphin mortality in purse-seine nets were extremely high 

(Smith, 1983; Lo and Smith, 1986; Wade, 1995). Wade (1995) estimated that 4.9 million 

dolphins were killed by the purse-seine fishery over a fourteen year period (1959-1972). 

Mortality decreased gradually because of measures such as the Marine Mammal 

Protection Act (1972) and use of equipment designed to prevent dolphin entanglement in 

purse-seine nets (Barham et al., 1977). Despite these changes, dolphin mortality 
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continued to occur at levels that were probably higher than the stocks impacted by the 

fishery could sustain (Wade, 1995). 

Since 1992, dolphin mortality in the fishery has decreased significantly to a few 

thousand animals per year (Hall and Lennert, 1993, 1994, 1997; Lennert and Hall, 1995, 

1996). A number of legislative measures, including US embargoes and the advent of the 

"dolphin-safe'' policy, caused changes in the fishery and mortality was greatly decreased 

(see Joseph, 1994). Wade (1995) concluded that these low levels of mortality could 

allow recovery and growth of the impacted stocks. Total estimated mortality for 1996 

was 2,547 dolphins (Lennert and Hall, 1997) and the preliminary estimate for 1997 is 

approximately 3,000 dolphins (Inter-American Tropical Tuna Association, IATTC, 

1997). 

2. Fisheries Operations 

a. Search Procedures 

While searching for tuna from a purse-seiner, fishermen use binoculars and radar 

to detect cues. A helicopter is also often used to search for dolphin herds and to assess 

whether or not a herd carries sufficient tuna to make a set. When a herd associated with 

commercial quantities of tuna is located, the seiner approaches traveling at approximately 

15 knots. Dolphins are reported to react to the vessels from a distance of approximately 

five to seven kilometers (Norris et al., 1978). 
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b. Chase and Capture Procedures 

Four to six speedboats (85-140 hp) are used to chase the dolphins, and to separate 

and diuxt the movements of the portion of the herd to be encircled. The helicopter may 

also be used to herd animals during these operations, which usually lasts from 20-40 

minutes but can sometimes take more than two hours. 

The purse-seine net is set with the aid of a skiff deployed from the net stack at the 

rear of the vessel. The net is approximately 1.6 km long by 200 m deep. The skiff acts as 

an anchor for one end of the net as the seiner moves away in a circle, setting the net 

continuously behind it. Speedboats herd the dolphins into the closing arc of the purse- 

seine (dolphins sometimes escape by running across the narrowing opening as the net is 

pulled into a circle and by diving under the net before it is pursed). Sometimes the entire 

herd is encircled or “wrapped” while other times only a portion of the herd is encircled. 

Dolphins tend to gather together in the net as it is pursed at the bottom (Pryor and Kang 

Shallenberger, 1991, observed that dolphins tended to gather at the surface and as far 

away from the vessel as was possible). Backdown, a procedure for releasing dolphins 

over the net’s corkline, begins after about two-thirds of the net has been hauled aboard. A 

channel is formed at the far side of the net and the corkline is submerged so that the 

dolphins can exit. Speedboats may be used to pull the corkline, thus keeping the channel 

from collapsing. Crewmen may enter the water, when necessary, to pull dolphins over 

the corkline. Encirclement takes approximately 40 minutes and dolphins may be 

confined for about an additional hour (longer if unanticipated problems occur). 
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c. Behavioral Observations of Dolphins During Capture 

Pryor and Kang Shallenberger (1991) observed the behavior of spotted dolphins 

in tuna purse-seine nets and reported (as did Norris et al., 1978) that, when set on, all 

dolphins positioned themselves as far from the ship (the “alarming stimulus”) as was 

possible. Signs of agitation on the part of the dolphins varied among sets and also among 

individuals. At the beginning of nine out of 17 observed sets, Pryor and Kang 

Shallenberger (1 99 1) observed headslaps, tailslaps, thrashing, and bunching. The authors 

noted that these behaviors are considered to be signs of agitation, stress, and fear in 

captive Stenella spp. (see Norris and Dohl, 1980a). 

Dolphins have been observed being hyperactive as well as passive when confined 

in purse-seine nets, and their appear to be some differences in behavior between spotted 

and spinner dolphins. Spinner dolphins have been observed to continue swimming and 

diving in the net, often with high activity levels (Norris et al., 1978). Several passive 

behaviors (sleeping, sinking, and rafting) have been described, mostly for spotted 

dolphins encircled in purse-seine nets and it has been suggested that such behaviors may 

have been the product of stress (Norris et al., 1978; Coe and Stuntz, 1980). There is 

anecdotal information that “sleeping” behavior, on the net bottom, has become rare. 

Rafting behavior is still often observed, and has been suggested to be a learned or 

conditioned behavior for avoiding net-entanglement, but has also been suggested to result 

from fisheries-induced stress (Coe and Stuntz, 1980; Sevenbergen, 1997). The 

significance and current prevalence of these behaviors is not known. 
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d. Capture Rate 

There is very little information available to determine the capture rate of dolphin 

herds or individual dolphins in the ETP tuna purse-seine fishery. Dividing the number of 

dolphins in the ETP by the number of sets annually gives a simplistic capture rate of eight 

captures/animal/year. Recently, Perkins and Edwards ( 1997) estimated capture based on 

an analysis considering the fact that tuna fishermen actively search for, and set on, larger 

schools (and based on the assumption that individual dolphins choose to remain in 

schools of a particular size). Their analysis indicated that approximately 10% of the 

northeastern spotted dolphin stock may be set on as often as once per week (Perkins and 

Edwards, 1997). Approximately 30% of the stock may be set on 2-8 times per year, and 

about 50% of the stock may be set on once or twice a year. The analysis, however, is 

complicated by the fact that dolphin herds are not stable entities and may fluctuate in size 

as often as on a daily basis. 

C. STRESS IN MAMMALS 

The term “stress” is often used ambiguously to describe a broad range of 

conditions that threaten the well being of an organism. The lack of a cohesive definition 

of stress has led authors to caution that the word can be misleading or useless (e.g. 

Harvey et a/ .  (1 984). To avoid misinterpretation, researchers investigating physiological 

and behavioral responses to stress often have to precede descriptions of their 

investigations with an operational definition of stress, and there are published papers 

devoted to developing a unified definition of stress (Levine, 1985; Moberg, 1987a; 

Levine and Ursin, 199 1). 
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Johnson et al. (1992) attributed these conceptual problems in stress research to 

confusion surrounding the definitions of “stress,” “stressor,” “adaptive responses,” and 

the “consequences of stress.” To clarify these definitions, Chrousos and Gold (1992) 

drew upon an ancient Greek concept, that “balance or harmony” is necessary for the 

survival of an organism, and defined stress as “a state of disharmony or threatened 

homeostasis,” in their review of the concepts of stress and stress system dysregulation. 

Homeostasis is simply the maintenance or regulation of the body’s set points. Following 

their recommendation, stress is defined in this review as a state of threatened 

homeostasis. 

A stressor can be defined as any perturbation that disrupts homeostasis. 

Responses to stressors include a number of mechanisms by which the organism can 

regain homeostasis. The physiological systems that maintain homeostasis, “allostatic” 

systems, are activated when needed to regulate functions such as blood glucose levels, 

pH levels, and temperature. Hence, an organism’s responses to stress are adaptive (acting 

to regain homeostasis) and can be both physiological and behavioral. The consequences 

of stress can be adverse, however, when the organism is unable to successfully regulate 

the stress response. This can occur when the allostatic systems become activated too 

frequently or remain active for too long as the result of stress is prolonged or dysfunction 

of the stress response. 

1. Stressors 

Not all stressors elicit the same physiological or behavioral responses. There are 

different types and degrees of stress, and these factors can influence an individual’s 
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response to stress. Acute stress is sudden, whereas chronic stress is marked by long 

duration or frequent occurrence. An acute stressor may elicit an adaptive physiological 

response, but chronic stress may be pathogenic. The effects of both can be cumulative 

over time (Chrousos and Gold, 1992). 

The type, intensity and duration of a stressor are important determinants of an 

individual’s response to it. In addition, the interstressor interval is an important factor in 

determining the response to stress and has been demonstrated to be a significant factor in 

an individual’s ability to become habituated to a stressor (De Boer et al., 1990). In 

laboratory rodents, for example, exposure to chronic intermittent stressors can result in 

elevated levels of stress related hormones, or, via what is apparently habituation, in 

decreased or unchanged levels of these substances (see De Boer et al., 1990). 

2. Individual Temperament and Stress 

Individuals differ in their responses to stressors (Hinkle, 1974), and this is 

partially related to individual variation in physical condition, physiology, and prior 

exposure to the stressor. But individual differences in response to stress are also 

influenced by a combination of physiological, sociological, behavioral, and 

environmental parameters (see Lyons et al., 1988a,b; Hinkle, 1974). The psychological 

component of stress is important in this respect, because individual differences reflect 

differences in perception, or fear, of a stressor (Gray, 1982). 

The work of J. W. Mason and other researchers in the early part of this century 

(see Mason, 1968a for review) illustrated the influence of psychological factors upon an 

individual’s physiological response to stress. Mason ( 1968a) included novel experiences 



and social factors, such as crowding or aggression, as potent psychological stimuli that 

have been demonstrated to elicit a physiological stress response in animals and humans. 

The perception of control or predictability over a situation can be important in this regard 

as well (see Mason, 1968a; Friend, 199 1 ; Sapolsky, 1987a). 

3. Stress Theory 

a. Previous Research 

Many authors have summarized the history of stress theory (see Moberg, 1985, 

Chrousos and Gold, 1992; Chrousos et al., 1988; Johnson et al., 1992) and it will only be 

addressed briefly here to provide context for the subsequent discussion of physiological 

stress and its consequences. Cannon (see Cannon and De La Paz, 1911) is often 

attributed with the early recognition of the connection between activity of the adrenal 

gland and stressors. He identified the connection between the sympathetic nervous 

system and the adrenal glands for organizing the “fight or flight” response to threat. It 

was Cannon who used the term “homeostasis” and demonstrated that both physical and 

emotional stimuli can elicit the same response. 

Selye (1936) developed a stress theory, the General Adaptation Syndrome, that 

was based upon adrenal gland fknction in response to stimuli. The syndrome was defined 

as having three phases: alarm reaction, characterized by an initial secretion of 

glucocorticosteroids (stress related hormones) from the adrenal gland, followed by a 

depletion of glucocorticosteroid reserves, 2) resistance, an adaptation phase during 

which the adrenal cortex could secrete increased levels of corticosteroids, and 3) adrenal 

exhaustion, at which point glucocorticoids were depleted. Selye used the terms 

1 )  
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“eustress” and “distress,” differentiating between harmless challenges or severe threats to 

homeostasis. Selye (1 936, 1950, 1973) emphasized that stress is a nonspecific 

phenomenon because he considered that a wide variety of stimuli or stressors could 

initiate the stress syndrome. 

Later, Mason (Mason 1968b, 1975) demonstrated that responses to stressors 

involve the entire neuroendocrine system and are variable, complex and integrated 

reactions that differ according to the type of stressor. The significant effect of emotional 

influences on pituitary-adrenal activity was illustrated in much of Mason’s work (Mason, 

1968a&b, 1979, which underscored the importance of psychological stressors 

(especially those that are novel, uncertain, and unpredictable) in eliciting a broad number 

of concurrent neuroendocrine responses (see Hennessy and Levine, 1979). 

b. Current Research 

Current research has expanded to include investigations of an integrated, adaptive 

system of physiological responses to psychological and physical stressors (see Axlerod 

and Reisine, 1984; Munck et al., 1984; Breazile, 1988; Chrousos and Gold, 1992 for 

review). Current investigations of physiological stress range from detailed studies of 

neuroanatomical structures and biochemical changes to the interactions of stress related 

hormones and their effects on other physiological systems. 

i. Four relevant subsets of current research. The sources of information for examining 

responses to stress in this review can be categorized into four general areas of research. 

First, studies using laboratory or captive animals have investigated responses to stress 
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under controlled circumstances with stimuli such as electric shock, social isolation, 

restraint, and administration of exogenous hormones. These types of investigations have 

lead to information on the neuroanatomical and endocrine pathways of physiological and 

behavioral responses to stressful stimuli. 

Second, investigations assessing stress in domestic animals have become 

important because of concerns regarding livestock productivity, management practices, 

and animal welfare. A considerable amount of research has focused on the effects of 

behavioral, or emotional, stress on livestock (Moberg, 1987a,b, 1996; Friend, 199 1 ; 

Hemsworth et al., 1993). Relevant studies include controlled investigations of the effects 

of management related stressors such as handling, transportation, housing, crowding, 

interspecific social interactions, noise, physical trauma, and psychological factors. 

Measurements used to assess stress in these studies range from interpretation of 

behavioral responses to stressors, using cortisol levels correlated with the type, intensity, 

and duration of the stressor, to assessment . of immunocompetence and reproductive 

function in response to stressors. 

Third, clinical research has provided insight into the ways in which humans are 

affected by stress. In some cases these effects have been shown to be remarkably similar 

to the ways in which other mammals are affected. Investigation of human subjects with 

disease states such as Cushing’s syndrome (a pathological condition associated with 

excessive cortisol secretion) has shown the effects of chronic cortisol secretion on the 

body (Krieger, 1982). Patients suffering from depression exhibit hyperactivity of the 

hypothalamic-pituitary-adrenal (HPA) axis, and studies of these subjects have provided 

information on the related effects of that activity (Gold et al., 1988a,b). Some athletes 
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and subjects undergoing forced exercise have been used to investigate the responses of 

the body to such physical stress (Luger et al., 1987). In addition, longitudinal studies of 

people who have ‘experienced surgical trauma, illness, war, or even “life events” such as 

beginning college or a new job, have provided information about human responses to 

stress (Mason, 1968a; Rabin et al., 1988). 

Fourth, studies of free-ranging animals allow us some opportunity to investigate 

the effects of stress on individuals and, potentially, on populations. In many instances 

when data have been collected on free-ranging animals, stress had been induced by 

humans and the stressors included fear, capture, handling, restraint, social separation and 

displacement from optimal habitat. 

In interactions involving humans and populations of free-ranging animals, it is 

difficult to determine the effects of stress. For example, recent debate surrounds the 

reasons behind the demise of wild dog, Lycaon pictus, populations in the African 

Serengeti (Burrows et al., 1995; East and Hofer, 1996; East et al., 1997). Burrows 

(1992) attributed mortality in the wild dogs to research related capture and handling, and 

suggested that stress induced disease (latent rabies) may have resulted from these 

practices. To assess the effects of handling on wild dogs, Ginsberg et al. (1995) 

compared rates of mortality and disappearance in handled and unhandled dogs and found 

no effect of handling on the survival of dogs in any of the five regions studied. Creel et 

al. (1997) measured levels of stress related hormones in fecal samples of radio collared 

and non-collared wild dogs and concluded that handling and collaring were not 

persistently stressful for the animals. East (1 996) and East et al. (1 997), have presented 
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criticisms of the Ginsberg, Creel, and colleagues’ studies, and the effects of handling 

stress in African wild dogs remain undetermined. 

These four research areas provide numerous examples of the ways in which 

mammals respond to various types of stressors, and have led to information regarding the 

consequences of acute and chronic stress that may be applicable to circumstances in the 

ETP tuna purse-seine fishery. Studies from each of these areas are used throughout this 

review to provide indications of the ways in which dolphins interacting with the tuna 

fishery are likely to respond to stressors. 

4. Stress Physiology 

Chrousos and Gold (1992) described the mammalian response to stress as a 

“general adaptational response” that is necessary to an organism’s survival and is 

remarkably consistent in its characteristics among species and even classes of organisms. 

They described a discrete physiological system that has evolved to coordinate this 

adaptive response which alters endocrine and neurological function (Chrousos et al., 

1988; Chrousos and Gold, 1992) (Figure 1). This adaptive response to stress 

encompasses both behavioral and physical changes (Stratakis and Chrousos, 1995). 

Sapolsky (1 998) has compiled an insightful and general overview of physiological 

responses to stressors. In summary, stress related hormones are released and function to 

mobilize energy for use by muscle tissue. Heart rate, blood pressure, and respiratory rate 

increase for efficient transport of oxygen and nutrients to the tissues. Immune function is 

inhibited, and reproduction, growth, and digestion may be disrupted. Stress-induced 

analgesia (numbing the body to extreme pain, see Lewis et al., 1980, MacLennan et al., 
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1982) may occur under some circumstances. Perceptual arousal or alertness is increased, 

and behaviors such as those related to sex and feeding may be suppressed. 

The stress response functions to return the body to homeostasis under conditions 

of acute, abbreviated stress. Thus, when the duration of a stressor is limited, the 

physiological effects of stress are beneficial and have no adverse consequences. 

However, some conditions can lead to dysregulation or pathophysiology resulting from 

stress (Chrousos and Gold, 1992). Chronic or severe stressors can cause responses that 

lead to pathologies and the exhaustive state described by Selye (1 936). 

a. The Hypothalamic-Pituitary-Adrenal Axis 

The mechanisms by which neuroendocrine changes occur in response to stress are 

organized primarily in the brain, with hypothalamic secretion of hypophseal releasing 

hormones and control of the autonomic nervous system. Thus, stress increases 

sympathetic nervous system activity and the hypothalamic-pituitary-adrenal axis acts to 

enhance glucocorticoid secretion (see Figure 1). 

b. Corticotropin Releasing Factor and Adrenocorticotropin 

Central to the function of the HPA axis is the release of corticotropin-releasing 

factor (CRF) from the hypothalamus and adrenocorticotropin (ACTH), from the pituitary, 

which stimulate synthesis and secretion of glucocorticoids, aldosterone, and adrenal 

androgens. These neuroendocrine hormones have a significant effect on biochemical, 

metabolic, and immunological functions, as well as on behavior. Adrenocorticotropin is 
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also known to have a sensitizing effect on the adrenal cortex, which enhances the 

response to subsequent stimulation. 

Corticotropin-releasing factor is an aminopeptide secreted fkom the central 

nervous system, by the hypothalamus (Vale et al., 1981). This aminopeptide hormone 

has been recognized as playing a major role in regulating the HPA axis because it 

regulates ACTH secretion and other secretory enhancing agents in the hypothalamus. 

During stress, levels of CRF secretion increase and cause an concomitant increase in 

ACTH and cortisol secretion. Also during stressful situations, CRF functions to 

coordinate a series of adaptive physiological and behavioral responses with the 

autonomic nervous system (Chrousos, 1992; Chrousos and Gold, 1992). In this manner, 

CRF coordinates the endocrine response and mediates the metabolic, circulatory, and 

behavioral adaptations that take place in response to a stressor. 

c. Glucocorticoids 

During stressful events, glucocorticoids act to redirect glucose metabolism from 

muscle to the brain and other tissues. Glucocorticoids also exert both “permissive” and 

“regulatory” effects on metabolism, muscle function, cardiovascular function, behavior, 

and immune function (Brown et al., 1982; Munck and Guyre, 1986; Johnson et al., 

1992). During a state of homeostasis, glucocorticoids have a “permissive” action on the 

activities of norepinephrine and other catecholamines on blood vessels and metabolic 

pathways, allowing other hormones to function at a normal level, thus maintaining the 

homeostatic condition (Rivier and Vale, 1983). In a response to stresshl events, 
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glucocorticoid levels are elevated and regulate the reaction of hormones and systems such 

as the immune system to prevent overreaction which, unchecked, might lead to injury. 

d. Cortisol 

When glucocorticoids are released from the adrenal gland, blood levels of the 

stress-related hormone, cortisol, increase. Cortisol response (i.e. changes in blood 

cortisol levels) is often measured to determine the presence and degree of response to a 

stressor in laboratory investigations. We now know that some percentage of the 

circulating cortisol is bound to corticosteroid-binding globulin and is physiologically 

inactive. The amount of bound cortisol varies among species, but can be as high as 

approximately 95%. Free cortisol is physiologically active, exerting negative feedback to 

inhibit CRF and ACTH secretion (Siitiri et al., 1982; Johnson et al., 1992). Thus, 

investigators have begun to measure both total and free cortisol. Moberg (1987a) 

cautioned that investigators should not rely on cortisol measurements alone as evidence 

of stress, because some stressors do not elicit an adrenocortical response. Measurements 

of cortisol levels are often correlated with some other indications of stress such as 

behavior, heart rate, or serum enzyme levels. Examples of these types of investigations 

are cited in subsequent sections of this review. 

e. Catecholamines 

Catecholamines, epinephrine and norepinephrine, regulate intermediary 

metabolism during stress. Secretion of epinephrine and norepinephne is mediated by 

preganglionic fibers enervating specialized chromaffin cells within the adrenal medulla 
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(Greco and Stabenfeldt, 1997). Once secreted, catecholamines cause vasoconstriction, 

changes in blood pressure and heart rate, as well as metabolic changes. For example, 

epinephrine increases blood glucose concentrations, mainly through the promotion of 

hepatic glyconeogenesis, and also stimulates glycogenolysis in skeletal muscle. 

Epinephne also causes lipolysis. Catecholamines also stimulate cardiac function, in part 

by epinephrine’s effect increasing the force and contraction of heart rate. In addition, 

catecholamines affect bronchial, gastrointestinal, and bladder smooth muscle tissue, as 

well as ciliary muscles of the eyes. 

f. Other Physiological Agents 

In addition to the release of glucocorticoids and catecholamines, there is an 

increase in the production of other physiological agents or neuroendocrine substances 

such as angiotensin 11, vasopressin, and beta-endorphins (Table 2). 

g. Physiological Stress in Cetaceans 

Cetaceans exhibit the basic mammalian response to stress, and there has been 

some research investigating the general effects of stress on cetaceans. Many of these 

studies have focused on assessing blood constituents and stress related hormones. As 

these reports form the basis of our direct knowledge regarding stress in dolphins, they are 

outlined below in some detail. There are several physiological responses to stress that 

have been well documented in cetaceans, including adrenocortical responses and effects 

on thyroid hormone balance. Each of these is discussed in turn below. 
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i. adrenocortical response. There are two notable aspects of the adrenocortical response 

to stress in cetaceans. First, although elevated cortisol levels are evident in cetaceans 

subjected to stressors such as capture, handling, and restraint, these elevations appear to 

be modest in comparison to those known for other mammals experiencing similar 

stressors (Thomson and Geraci, 1986; St. Aubin and Geraci, 1990). St. Aubin and Geraci 

(1 990) noted that, despite this apparently modest response, the systemic effects of cortisol 

are still evident in decreased circulating levels of eosinophils and reduced plasma iron, as 

well as in increased levels of glucose (as described below). Second, aldosterone, not 

typically characterizing the adrenal response to stress in terrestrial mammals, is greatly 

increased in cetaceans subjected to adrenocortical stimulation (Thomson and Geraci, 

1986; St. Aubin and Geraci, 1990). An increase in aldosterone has also been observed in 

response to adrenal stimulation in pinnipeds (St. Aubin and Geraci, 1986). Aldosterone 

functions to enhance water and sodium reabsorbtion, so the response observed for 

cetacean and pinniped species studied thus far is thought to reflect the necessity of 

regulating these processes during stress (St. Aubin and Geraci, 1986; St. Aubin et al. 

1996). 

ii. Thyroid hormone balance. Thyroid hormone balance in cetaceans appears to be 

sensitive to stress. Ridgway and Patton (1 97 1) found that several captive Pacific white- 

sided dolphins, Lagenorhynchus obliquidens, had low plasma levels of thyroid hormones 

and suggested that chronic stress in cetaceans could depress thyroid function. St. Aubin 

and Geraci (1988) found that thyroid hormone levels were suppressed during capture 

stress in free-ranging beluga whales, Delphinapterus leucas. The authors measured 
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plasma concentrations of triiodothyronine (T3) and thyroxine (T4), in 24 captured 

juveniles. For animals detained at the capture site, concentrations of T3 decreased 

significantly during the first 24 hours and after two to four days there was also a 

reduction in T4. Concentrations of T3 and T4 remained suppressed during the ten weeks 

of captivity. Injection of ACTH resulted in a further decrease in T3 after 6-12 h. 

Handling stress alone produced similar changes in individuals injected with saline as a 

control. St. Aubin and Geraci (1 992) also found decreases in thyroid hormone levels in 

beluga whales subjected to capture, and Orlov et al. (1988) reported decreases in T3 as 

the result of handling captive bottlenose dolphins. Although chronic thyroid hormone 

imbalance can have deleterious effects on growth and metabolism, the changes seen in 

these studies of captive cetaceans have been interpreted as adaptive responses to 

glucocorticoids, acting to realign thyroid hormone balance (St. Aubin and Geraci, 1988, 

1992; and see St. Aubin et al., 1996). 

... 
111. Capture stress and cetaceans. Cetaceans can be affected by the stress of capture. 

Several studies have contributed to our understanding of their physiological responses to 

capture stress and adrenocortical stimulation with exogenous ACTH (Thomson and 

Geraci, 1986; St Aubin and Geraci, 1989; St. Aubin et al., 1996). For example, Thomson 

and Geraci (1 986) measured circulating cortisol, aldosterone, and eosinophils in the 

blood of captive bottlenose dolphins subjected to net capture and restraint. Two capture 

conditions were employed: 1. “calm-capture” in which a dolphin was netted within 10 

minutes with as little herding as possible, and 2. “chase-capture” in which a dolphin was 
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repeatedly chased, captured and released. Blood samples were collected 10 minutes after 

capture, 15 minutes after removal from water, and at 30 minutes, 1, 3, and 6 hours 

thereafter. Following calm-capture (during restraint) serum cortisol increased from 

resting levels of about 30nmol/L to 1 lOnmol/L within the first hour and remained within 

this range for the remaining 6 hours, aldosterone increased from approximately 

280pmol/L to 1880pmol/L within three hours, and circulating eosinophils were less than 

40% of their initial values within seven hours. Blood cortisol levels were reported to be 

100% higher for dolphins immediately after chase-capture, when compared to samples 

collected immediately after calm-capture. Thereafter, the basic response was not 

enhanced (Thomson and Geraci, 1986). The observed decrease in eosinophils is 

considered to be important because these white blood cells function in response to 

allergies and infection. Thomson and Geraci (1 986) concluded that eosinophil counts are 

consistent and practical indicators of stress in dolphins. 

It is interesting that the cortisol response was not enhanced during prolonged (3 

hours) capture, or upon administration of exogenous ACTH (Thomson and Geraci, 1986). 

This was surprising because the ACTH challenge induces maximum levels of 

glucocorticoid secretion by the adrenal cortex in most mammals. In cetaceans, cortisol 

secretion does not appear to increase in response to exogenous ACTH to levels higher 

than those observed during capture stress (Thomson and Geraci, 1986; St. Aubin and 

Geraci, 1990). In their study, Thomson and Geraci (1986) suggested that adrenal cortisol 

secretion might have been influenced by preexisting cortisol levels that had been induced 

by the initial stress response of bottlenose dolphins to capture and handling. As noted 
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previously, in contrast to terrestrial mammals, aldosterone levels do rise in response to 

ACTH challenge in cetaceans (Thomson and Geraci, 1986; St. Aubin and Geraci, 1990). 

Capture was also found to increase levels of aldosterone, cortisol, glucose, iron, 

potassium, and the enzymes creatine kinase (CK), aspartate aminotransferase (AST), 

alanine aminotransferase (AP), and gamma-glutamyltranspeptidase (GGT), in 24 live 

captured beluga whales (St. Aubin and Geraci, 1989). Changes in leucocytes were also 

reported for these animals, including acute lymphopenia, eosinopenia, and mild 

neutrophilia. No details of capture methods were given, but approach and capture was 

reported to take less than 30 minutes. Capture lasted for up to ten weeks, and most 

indices were reported to normalize within the first week of captivity. 

In addition, muscle activity during pursuit can affect muscle enzyme (CK and 

AST) levels (St. Aubin and Geraci, 1989). This may reflect muscle damage. Elevated 

levels of CK and potassium were suspected to be related to possible muscle damage in an 

adult female bottlenose dolphin subjected to enforced movement and chemical 

intoxication. Over a 72 hour period, the dolphin was subjected to continuous movement 

and “nudging,” and was held in a shallow pool from which it was periodically removed 

for blood sampling. This animal also exhibited elevated glucose levels, which were 

considered to result from glycogen mobilization related to stress (Geraci and Medway, 

1973). 

Several blood parameters associated with muscle damage in mammals were 

reported for net caught dolphins in South Afnca (Young et al., 1997). Blood serum 

levels were analyzed for captive bottlenose dolphins, Tursiops spp. and incidentally 

caught (free-ranging) common, Indo-Pacific hump-backed, Sousa chinensis, and 
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bottlenose dolphins in South Africa. Values were pooled across species for free-ranging 

individuals sampled, and not all blood parameters were analyzed for all samples, Mean 

values o f  most parameters measured were elevated in the free-ranging animals that had 

been captured. In particular, lactate dehydrogenase (LDH), CK, and creatinine were 

elevated. These values are likely to indicate muscle damage, but are difficult to interpret 

because data for individuals were not presented. Young et al. (1997) considered their 

results to indicate that the entangled dolphins experienced severe stress, but methods and 

information regarding post-mortem blood sampling and conditions were not described in 

sufficient detail to test the validity of their conclusions. 

Recently, St. Aubin et al. (1996) measured circulating hormone levels in 36 free- 

ranging bottlenose dolphins, sampled from a coastal population, and 36 

“semidomesticated” bottlenose dolphins. Small groups of free-ranging dolphins were 

encircled with a seine net using a high-speed motor boat. These dolphins were manually 

restrained and placed in a boat for examination. Semidomesticated dolphins had been 

conditioned to voluntarily present their flukes for blood sampling. Cortisol, aldosterone 

and thyroid hormones (thyroxine (free (fT4) and total (tT4)), triiodothyronine (free (fT3), 

total (tT3), and total reverse (rT3)) were measured. The samples were matched by age, 

sex, and time of year collected. Patterns of thyroid hormones levels varied, and appeared 

to be influenced by age and sex. The most consistent difference between the free-ranging 

and semidomesticated animals was in adrenal hormone levels (St. Aubin et al., 1996). 

Levels of cortisol and aldosterone were low in semidomesticated dolphins, and the 

collection technique was acknowledged to produce samples representative of resting 

values for these constituents (St. Aubin et al., 1996). Cortisol and aldosterone were 
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higher in free-ranging animals sampled after a variable interval of up to four hours after 

encirclement by capture net. The authors considered this pattern to represent a mild 

stress response. 

In summary, the few available data on physiological effects of capture in 

cetaceans indicate that the process does elicit a stress response (activation of the HPA 

axis; Thomson and Geraci, 1986; St Aubin et al., 1996). Capture stress can also 

apparently cause muscle damage (Geraci and Medway, 1973; St. Aubin and Geraci, 

1989) and.changes in thyroid hormone balance in cetaceans (St. Aubin and Geraci, 1992; 

St Aubin et al., 1996). Several effects related to immune function (changes in blood 

leukocytes and decreases in blood iron levels) have also been observed in captured 

cetaceans. Information regarding the effects of repeated capture is not available. It is 

possible that repeated capture could exacerbate stress and elicit an anticipatory response 

as has been suggested for some species such as captive impala, Aepyceros melampus. 

Hattinagh et al. (1 988) compared the physiological response of captive and free-ranging 

impala to repeated capture, and found that blood cortisol levels were significantly higher 

in captive impala (93 - +21 nmol/l; free-ranging, 11 - +3 nmol/l, p<.05). The authors 

suggested that higher cortisol levels in captive impala resulted from a conditioned 

anticipatory response occurring prior to capture (Hattinagh et al., 1988). There may be 

some evidence for this from the scientific literature on cetaceans. Newly captured beluga 

whales may have had an anticipatory response to sampling procedures, in so much as 

each time the water level in their holding pool was lowered it appeared to elicit pulsatile 

release of cortisol (30 - +22nmol/L higher than samples drawn 5-6 hours previously; St. 
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Aubin and Geraci, 1992). Alternatively, repeated capture could also result in acclimation 

or habituation in cetaceans. 

There is some indication that dolphin behavior has changed since the early years 

of the fishery, and that this may be the result of learning or habituation’. Limited 

information suggests that dolphins in areas with high historical fishing effort are more 

experienced at avoiding chase and encirclement than more naive dolphins in areas where 

fishing had expanded more recently. Fishery observers have noted that dolphins 

apparently anticipate backdown because they move to the backdown channel and “line- 

up” for release. 

Still, the semidomesticated dolphins in the St. Aubin et al. (1996) study had been 

in captivity for up to 30 years and were “accustomed” to presenting their flukes for 

husbandry techniques. In addition, Thomson and Geraci (1 986) found that even dolphins 

that had been routinely handled for years in captivity had a stress response after the 

calmest capture conditions possible. Habituation such as that of the semidomesticated 

dolphins studied by St. Aubin et al. (1996) does not seem likely in fi-ee-ranging animals 

such as dolphins in the ETP. In fact, given the tendency of herds in the ETP to avoid 

approaching vessels, the occurrence of an anticipatory stress response in these animals 

seems more probable. 

A study regarding “evasive behavior” of spotted dolphins was completed by G. Heckel, Universidad 
Autonoma Baja California, Baja California, Mexico, and has been summarized in the NMFS Tuna 
Newsletter, November 1997. 
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11. THE POTENTIAL FOR FISHERY-INDUCED STRESS ON DOLPHINS 

IN THE ETP 

The potential for fishery-induced stress to have adverse effects on dolphins in the 

ETP has been a concern since at least the late 1970’s when Norris et al. (1978) suggested 

that every aspect of purse-seine capture causes stress to the dolphins involved. In 

assessing the potential effects of search, chase and capture on dolphins in the ETP, it is 

important to acknowledge that physiological responses to stress may be adaptive and 

temporary, acting to restore homeostasis. Such physiological changes may be of little 

consequence to individual dolphins. It does not appear possible to predict the specific 

level or duration of changes in physiological parameters that could become adverse to the 

health of individual dolphins. 

Some of the plausible consequences of potential fishery-induced stress on 

dolphins are discussed below in connection with the various aspects of fisheries 

operations that are hypothesized here to be potentially stressful for the dolphins involved. 

Some potential consequences of the search are described first, followed by consideration 

of potential short and long-term effects of chase and capture. Long-term pathological 

responses to stress are discussed in the context of potential fisheries-induced 

dysregulation of physiological systems. Information was derived from several direct 

studies of spotted and spinner dolphins involved in the fishery, and from information 

about responses to stress in other mammals. 
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A. POTENTIAL CONSEQUENCES OF SEARCH 

At some point during search the dolphins become aware of the helicopter and the 

purse-seine vessel, and their reaction is to move away (see Norris et al., 1978). Dolphins 

in the ETP apparently avoid approaching ships (Norris et al., 1978; Au and Perryman, 

1982; Hewitt, 1985). This is potentially significant in terms of indicating the herds' 

perception of the fishery (i.e. the dolphins may associate vessels with the subsequent 

chase and capture). Norris et al. (1978) reported that dolphins reacted to the helicopter 

even at elevations of 700- 1000 feet above them. 

Helicopter flights are known to influence movements in terrestrial mammals. For 

example, it has been concluded that helicopter flights could have an adverse impact on 

populations of bighorn sheep, Ovis canadensis, by altering movements, habitat use, and 

foraging efficiency and thus reducing survivorship and reproduction (Stockwell et al., 

1991; Bleich et al., 1994). Specifically, Stockwell et al. (1991) found that disturbance 

from helicopter overflight diminished foraging efficiency in bighorn sheep. In addition, 

Bleich et al. (1990) found that spatial distribution of bighorn sheep was substantially 

altered by disturbance during helicopter surveys. Of relevance here is that the sheep did 

not become habituated or sensitized to frequent helicopter flights (Bleich et al. ,' 1994). 

B. POTENTIAL CONSEQUENCES OF CHASE AND CAPTURE: 

IMMEDIATE EFFECTS 

1. Psychosocial Effects of Chase and Capture 

The following sections address potential psychological or social stimuli 

associated with the stress of purse-seine capture and the likely physiological responses to 
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these stimuli. The perception of control over and predictability of stressors may 

influence the occurrence of stress-related disorders (Friend, 1991), and this may act as 

one underlying psychological stressor influencing the physiological stress response to 

chase and capture. For example, a dolphin’s perceptions of its ability to avoid capture or 

its inability to escape may play a role in the degree of physiological response to the event. 

Psychosocial stressors are remarkably potent stimuli for activation of the HPA axis (see 

Mason, 1968a) and are likely to be of importance in characterizing the stress response in 

ETP dolphins. 

a. Social Separation 

Disruptions of social groups, including separation of closely associated 

conspecifics such as cow-calf pairs could occur as a result of chase and capture. Based 

on information from other mammals, these types of disruptions are likely to cause 

physiological stress (activation of the HP A axis) in individual dolphins. 

It is well known that social relationships influence physiological function (e.g. 

Hinkle, 1974). For mammals, social relationships and the presence of familiar social 

partners are an important factor in determining the magnitude of the endocrine response 

to stress (Levine, 1993). For example, the presence of a familiar social partner, 

particularly in the case of the mother-young relationship, can modulate cortisol response 

to a stressor. In domestic goats (Lyons et al., 1988b) and squirrel monkeys, Sairniri 

sciureus (Mendoza et al., 1978), presence of the mother moderates or can even eliminate 

a young animal’s cortisol response to stressors. The presence of a surrogate mother has 
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also been demonstrated to moderate the cortisol response in squirrel and rhesus monkeys 

(Hill et al., 1973; Mendoza et al., 1978). 

,In contrast, separation fiom familiar conspecifics can elicit a physiological stress 

response. This appears to be particularly true in the case of the mother-young 

relationshp (Levine, 1993). In laboratory studies, disruptions of mother-young 

relationships have activated the HPA axis (measured as elevated plasma cortisol levels) 

in both mother and infant (Levine and Weiner, 1989; Weiner et al., 1990). In rodents, 

two hours of maternal deprivation leads to significant increases in basal cortisol levels, 

and longer periods elicit progressively greater increases (Levine et al., 1991). In 

addition, the response may not decrease over time, even after repeated events. For 

example, in squirrel monkey mother and infants subjected to multiple disruptions, no 

physiological or behavioral indications of habituation were evident over time (Hennessy, 

1986). 

Separation of mother and infant rats has been shown to cause elevated cortisol 

levels ( n u n  et al., 1990; Levine et al., 1991; Rosenfeld et al., 1991). In addition, the 

response appears to be related to an increased sensitivity of the adrenal gland because 

deprived infant rats have a greater cortisol response to ACTH than do non-deprived 

infants (Levine et al., 1991; Rosenfeld et al., 1991). Suchecki et al. (1993) investigated 

maternal deprivation of infant rats, and found that ACTH levels were elevated in infants 

deprived of their mothers. The authors hypothesized that removal of the mother elicits an 

increase in synthesis and traffic of neuropeptides (CRF and vassopressin), thus enhancing 

ACTH secretion. They suggested that factors of maternal origin have some influence on 

the infant ACTH response to stress (Suchecki et al., 1993). 
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Beyond the mother-young relationship, social groups are also important in 

moderating responses to stressful situations for all age classes (Levine, 1993). To test 

this, Coe et al. (1982) exposed squirrel monkeys, both individually and in their social 

groups, to the presence of a snake. In both cases, the monkeys’ behavioral responses 

were similar (they became visibly agitated) but when accompanied by group-mates there 

was no cortisol response. 

b. Isolation and Restraint 

Isolation and restraint stress is relevant here to the extent that a dolphin separated 

from its mother, from closely associated conspecifics, or from an entire social group, 

while confined in a purse-seine net, may perceive its condition to be one of isolation and 

restraint. Although there may be differences between actual physical restraint and 

confinement in a relatively broad space, confinement of any form may be especially 

stressful for these pelagic dolphins because they are unaccustomed to encountering 

physical barriers of any kind in their open ocean environment. 

Isolation and restraint can cause stress in mammals. Isolation elicits increased 

cortisol levels in lambs (Moberg et al., 1980; Niezgoda et al., 1987), and combined 

restraint and isolation caused sustained high levels of cortisol in lambs (Minton and 

Bleccha, 1990). Niezgoda et al. (1987) found that three treatments of repeated isolation 

(5 hours) of lambs from the flock spaced at 3 day intervals, caused increased levels of 

cortisol with each successive treatment. Minton and Bleccha (1 990) sampled blood at 15 

minute intervals, from lambs subjected to combined restraint and isolation stress and 

observed an immediate fourfold increase in cortisol levels compared to control lambs. 

31 



Cortisol levels gradually decreased after treatment, but remained elevated in comparison 

to the control group even at the last sampling, 18 hours after release from isolation and 

restraint. Cortisol levels in lambs subjected to restraint and isolation have remained 

elevated even after three consecutive days of application (Minton et al., 1992). 

Moreover, it has been shown that the repeated application of restraint and isolation stress 

compromised immune response to mitogens (Coppinger et al., 199 1 ; Minton et al., 1992) 

and alterations of leukocyte differentiation antigens in lambs (Minton et al., 1992). The 

topic of impaired immune function in relation to stress is discussed more fully below (see 

section II.C.2, Stress-Induced Changes in Immune Function). 

c. Social Aggression 

During purse-seine capture, dolphins are crowded together, possibly without 

sufficient space to avoid interaction with individuals they might otherwise be naturally 

separated from in the social organization of the herd. In their study of dolphin behavior 

in tuna purse-seine nets, Pryor and Kang Shallenberger (1 99 1) observed that social 

groups tended to stay tightly together in so far as it was possible while confined in the 

nets. 

Aggressive behavior between domestic animals placed in crowded conditions, or 

free-ranging conspecifics placed in captive situations where established dominance 

hierarchies are disrupted have been widely documented. Subordinates may find 

themselves in close and inescapable proximity to higher ranking individuals, thus 

subjected to the stress that is associated with low rank in some social hierarchies 

(Sapolsky, 1985). In addition, Sapolsky (1987a) suggested that in times of social 
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instability, social aggression is associated with high rank and, at least in the case of 

males, with initial high levels of testosterone and glucocorticoids. 

d. Novelty 

Novelty can be defined as something new or unusual. There are few data 

regarding capture frequency of dolphins in the ETP tuna purse-seine fishery. Chase and 

capture are likely to be novel to at least some (neonatal/juvenile) portion of the 

population at any given time. Moreover, in cases where herds have not encountered 

vessels for some time, introduction of this stimulus may in itself provide a change of 

environment sufficient to be considered novel. 

Novelty is relevant to the question of stress effects on dolphins in the ETP 

because novel situations can activate the HPA axis resulting in elevated levels of 

circulating glucocorticoids. For example, in mice and rats, the novelty of being placed in 

a new chamber can elicit corticosteroid levels as great as those measured in individuals 

that have received electric shock in the chamber (Friedman and Ader, 1967; Bassett et al, 

1973; Hennessy et al., 1977). Also, squirrel and titi, Callicebus moloch, monkeys 

exposed to a seemingly minor novelty (transfer into an otherwise identical cage) had 

significant and sustained (lasting more than two days) elevations in plasma cortisol 

(Hennsessy et al., 1995). 

However, differences in temperament as well as experience appears to influence 

any particular individual’s response to novel situations. In addition, some elements of 

stability (e.g. in environment or social relationships) are important moderators of an 

individual’s response to challenge. For example, both genotype and early postnatal 
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environment are important in the development of stable individual differences in 

temperament and response to challenge in domestic goats (Lyons et al., 1988a). 

Hennessy et af. (1 995) demonstrated different physiological responses to novelty 

between squirrel and titi monkeys, and suggested that the differences might be related to 

certain socioecological differences between the two taxa. 

This information implies that there could be taxonomic differences between 

spotted and spinner dolphins in the physiological responses to psychosocial stressors. In 

addition, it can be expected that there will be individual differences among dolphins in 

the ETP which are likely to be manifested in individual variation in the nature and degree 

of physiological response to stress. 

The available evidence also implies strongly that disruption of the mother-young 

bond in ETP dolphins will activate the HPA axis for both mother and infant. Further, 

disruption of social groups is likely to cause this physiological stress response among 

some proportion of individuals in all age classes. This stress response, activation of the 

HPA axis, in itself may serve as an adaptive mechanism for the individual to achieve 

homeostasis. In repeated acute or chronic cases, however, activation of the HPA axis 

could be detrimental as discussed below (see Long-Tern Effects). 

2. Immediate Physiological Effects Related to Chase and Capture 

Forced exercise during chase is a significant part of the purse-seine capture 

procedure for dolphins in the ETP. Speed, distance and duration of the chase are all 

factors that are likely to affect the dolphins’ responses to stress. The extent to which 

chase in the ETP fishery affects the respiratory, muscle, and thermoregulatory capacities 
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of dolphins is not known. It has been shown, however, that dolphins are exceptional 

swimmers. Williams et al. (1992) illustrated the low cost of transport for dolphins 

relative to other swimming animals, noting that hydrodynamic shape and economy of 

movement may contribute to the dolphin’s efficiency as a swimmer. This may imply that 

these pelagic dolphins are predisposed to endure long bouts of aerobic exercise. 

Based on previous investigation of delphinid muscle tissue, however, it is not 

unreasonable to expect that muscle activity could be affected by chase. Studies of 

bottlenose dolphin muscle fiber type, size, and arrangement indicate a 5050% (fast 

twitch:slow twitch) composition of swimming musculature signifying a capacity for 

brief, rapid contractions, and continuous, slower contractions (Go forth, 1984). Muscle 

damage resulted from experimental capture of captive bottlenose dolphins (Thomson and 

Geraci, 1989), and therefore it seems reasonable that muscle damage may also occur in 

dolphins as a result of chase and capture in the ETP fishery. 

Muscle damage can result from strenuous exercise in mammals (Boyd, 1982; 

Janssen et al., 1989; Armstrong, 1990). During muscle disruption, muscle enzymes leak 

into the blood via alteration of cellular membranes and tissue damage (Janssen et al., 

1989). Increased serum plasma levels of the enzyme CK, which is known to catalyze the 

exchange of energy during muscle activity (Conley, 1994), is a reliable indicator of 

muscle tissue damage (Noakes, 1987; Hortobagyi and Denahan, 1989; Volfinger et al., 

1994). 

In a recent study on the effects of pursuit on hunted red deer, Cewus eluphus, 

blood and muscle samples were analyzed to assess possible muscle damage resulting 

from the hunt (Bateson, 1997; Bateson and Bradshaw, 1997). Blood and muscle samples 
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were collected from 64 hunted and 50 non-hunted (cleanly shot) deer. A number of 

blood plasma constituents were measured, including the muscle enzymes CK, LDH, and 

AST. .These muscle enzyme levels were higher in blood samples from hunted deer, 

indicating muscle disruption. Bateson and Bradshaw (1 997) related the muscle damage 

to a condition known as “capture myopathy.” 

a. Capture Myopathy 

Capture myopathy results from muscle exertion associated with capture and 

restraint of wildlife. Myopathies are considered to be diseases of the muscle fiber, and 

there are several types including: congenital, nutritional, toxic, and capture myopathies 

(Hadlow, 1973; Heldstab and Riiedi, 1980). 

Capture myopathy has been described in numerous mammal and bird species 

(Chalmers and Barrett, 1977; Basson and Hoheyr,  1978; Carpenter et al., 199 1 ; Dabbert 

and Powell, 1993; Bailey et al., 1996; Williams and Thorne, 1996). The condition results 

from a wide variety of capture situations, including chase by vehicles and aircraft2, 

capture in traps or nets, drug induced immobilization, and restraint (Harthoon and Young, 

1974; Colgrove, 1978; Gericke, et al., 1978; Wallace et al., 1987; Kock et al., 1987b; 

Hattingh, 1988) (Tables 3a,b). 

Capture myopathy is characterized by a variable and lengthy list of clinical signs 

including ataxia, paralysis, myoglobinuria, and acute muscle degeneration (Hulland, 

Chase is not always a component of capture in documented cases of capture myopathy, and the condition 
can occur as the result of capture alone. Duration of chase that has been reported in association with 
capture myopathy is quite variable, and little information is available on the speed or intensity of chases 
associated with the condition. Often, helicopters or other aircraft have been used in documented cases of 
capture myopathy that have occurred in association with chase and capture (see Table 3b). 
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1985; Harthoon and Young, 1974; Bartsch et al., 1977; Chalmers and Barrett, 1977; 

Basson and Hofineyr, 1978). General clinical indications of capture myopathy include 

elevated blood serum enzymes (AST, CK, LDH), and blood urea nitrogen (BUN) levels. 

Initial clinical symptoms of the condition include increased respiratory and cardiac rates 

and elevated body temperature. The latter is important clinically because the 

development of capture myopathy appears to be associated with hyperthermia (Williams 

and Thorne, 1996). Other early signs include lack of responsiveness to the environment, 

weakness, and muscle stiffness. Paralysis, most often observed to occur in the 

locomotory muscles of terrestrial mammals, may develop. Lesions are also often 

observed fi-om histological examination of animals diagnosed with capture myopathy 

(Table 3a). 

Spraker (1 993) provided a concise overview of capture myopathy in animals and 

considered four clinical syndromes to be associated with the condition. These include 

capture shock, ataxic myoglobinuric, ruptured muscle, and delayed-peracute syndromes. 

Spraker (1993) suggested that capture myopathy can be induced by a combination of 

many stressors (e.g. terror, chase, capture, restraint), and that it is associated with 

exhaustion of the normal physiological reserves that provide energy for escape. Time to 

exhaustion is dependent upon the individual species, the stressor itself, and 

environmental conditions (Spraker, 1993). 

It is entirely plausible that the delayed-peracute syndrome described by Spraker 

(1993) could occur in dolphins involved with the ETP fishery. Clinical signs 

characterizing this syndrome have been described in numerous cases for terrestrial 

mammals and do not develop for hours or even weeks after capture (see Chalmers and 
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Barrett, 1977; Basson and Hofineyr, 1978; Williams and Thorne, 1996). Spraker (1 993) 

noted that in the case of delayed-peracute syndrome, animals appear normal when 

undisturbed, but subsequent disturbance, repeated capture or additional stress is likely to 

cause immediate death. 

Cowan and Walker (1979) examined 49 spotted and 16 spinner dolphins killed 

during routine fishing operations in the ETP fishery. They examined several primary 

locomotor muscles (Longissimus dorsi and Hypaxial muscles) for both gross pathological 

or histopathological changes. No evidence of myopathy was detected in the skeletal 

muscles of the 56 animals examined (Cowan and Walker, 1979). However, gross lesions 

may be absent in the delayed-peracute capture myopathy syndrome, and histological 

lesions associated with the syndrome may be characterized as mild or moderate (Spraker, 

1993). 

Stuntz and Shay (1 979) reported the results of a workshop held to investigate the 

potential occurrence of capture myopathy in dolphins involved in the ETP fishery. 

Although no data were provided, Stuntz and Shay (1 979) reported that blood samples had 

been collected &om 34 dolphins captured in the fishery and that at least a portion of those 

animals had elevated blood CK levels. The elevated values were considered to indicate 

“muscular exertion or muscle damage,” but participants agreed that hrther information 

on laboratory techniques and controls as well as on delphinid physiology were necessary 

to interpret the findings (Stuntz and Shay, 1979). The general consensus of the workshop 

was that it was likely that some unobserved mortality was occurring after dolphins were 

released from the nets. 
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In summary, capture myopathy affects the physiological status of birds and 

mammals, and influences post-capture survival (Harthoon and Young, 1974; Chalmers 

and Barrett, 1977; Dabbert and Powell, 1993). It is likely that, when released, animals 

suffering from capture myopathy are predisposed to predation and accident (Williams 

and Thorne, 1996). For example, it has been noted that death subsequent to capture of 

waterfowl can be “delayed or indirect” and could bias population studies that assume 

natural mortality rates for released animals (Bollinger et al., 1989; Dabbert and Powell, 

1993). 

b. Hyperthermia 

It is possible that dolphins experience some degree of hyperthermia resulting from 

being chased and herded by speedboats in the ETP. Hyperthermia caused by chase and 

capture has deleterious effects in mammals (Spraker, 1980), and appears to be associated 

with the development of capture myopathy (Chalmers and Barrett, 1982; Antognini et al., 

1996; Williams and Thorne, 1996). 

Generally in mammals, if heat balance is not achieved several complications may 

arise. Continuous elevations in body temperature can have adverse effects on muscle 

metabolism and the central nervous system (MacDougall et al., 1974; Brinnel et al., 

1987; Koroshetz and Bonventure, 1994). Muscle temperature rises most rapidly during 

strenuous exercise, with core temperatures increasing subsequent to rise in blood 

temperature (Jones et al., 1989). While temperatures causing fatigue are not clear, the 

safe maximum temperature for muscle tissue in most mammals appears to be 

approximately 45” C (Hodgson et al., 1994). Maximum temperature reached in dolphins 

during chase in the ETP fishery are not known. 
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It is known, however, that the injurious effects of hyperthermia resulting from 

strenuous exercise can be severe. For example, hyperthermia caused by prolonged 

exercise in horses can result in exertional rhabdomyolysis (myopathy), synchronous 

diaphragmatic flutter, ataxia, and collapse (Hodgson et al., 1994). Severe cases of 

hyperthermia can result in depression, coma and death (Spraker, 1980; Hodgson et al., 

1994). 

Hyperthermia can also impair reproduction in mammals. Bell (1987) reviewed 

the effects of maternal hyperthermia caused by factors such as environmental heat 

exposure, fever, and strenuous exercise at different stages of pregnancy. Effects in early 

pregnancy include embryo mortality, teratogenesis (development of fetal abnormalities), 

and possibly impaired learning abilities (Jonson et al., 1976; Edwards, 1986; Bell, 1987). 

During middle to late pregnancy, maternal hyperthermia can cause fetal growth 

retardation. Bell (1 987) has suggested that placental insufficiency (changes in placental 

metabolism and growth) is the ultimate cause of fetal growth retardation associated with 

chronic maternal hyperthermia. Based on these studies in other mammals, it is 

reasonable to assume that hyperthermia could impose deleterious effects on female 

reproduction in cetaceans. In fact, decreased blood flow to the uterus (resulting from 

increased demand of locomotory muscles or shunting blood to eliminate excess heat) and 

fetal exposure to increased temperatures in cetaceans are likely to expose the fetus to the 

deleterious developmental effects described above (Rommel et al., 1993). 

Hyperthermia can also affect reproduction in the male. Heat reduces semen 

quality in domestic animals (Marschang, 1973; Larsson and Einarsson, 1984; Stone 

198 1). Cetacean testes are located within the abdominal cavity, and positioned close to 
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axial and abdominal muscles where their temperatures may be affected by core body 

temperatures (Boice et al., 1964; Rommel et al., 1992). An arterio-venous countercurrent 

heat exchanger associated with the testes may regulate temperature via blood flow and 

diminish the detrimental effect of high temperatures on sperm viability and 

spermatogenesis (Rommel et al., 1992). The potential effects of hyperthermia on male 

reproduction in cetaceans remain undetermined. 

Information from other mammals suggests that hyperthermia could result from 

chase and capture of dolphins in the ETP. There have been only a few estimates of the 

thermoregulatory condition of spotted and spinner dolphins (Hampton and Whittow, 

1976; Worthy and Edwards, 1990). For spotted dolphins collected in the ETP tuna 

fishery, surface aredvolume ratio was not significantly different than for terrestrial 

mammals (Worthy and Edwards, 1990). Heat balance during strenuous exercise could be 

facilitated through the heat exchangers in the flukes and fins (Scholander and Scheville, 

1955; Brodie, 1975). While there is some information regarding temperature regulation 

in marine mammals (see Whittow, 1987; Hokkanen, 1990, for review), little is yet known 

about the effects of forced strenuous exercise on thermoregulation in these animals. It is 

possible, but as yet undetermined whether chase and capture could negatively affect 

thermoregulation in dolphins involved in the tuna fishery. 

3. Capture Stress and Noise 

It is also possible that fishery-related noise causes stress in dolphins in the ETP. 

Dolphins captured in the tuna purse-seine fishery are exposed to noise from helicopters, 

as well as from speedboat and purse-seine vessel engines. However, the effect of noise 
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on marine mammals is not extensively known (but see Jefferson and Curry, 1994; 

Richardson et al., 1995; Ketten, 1998). Thomas et al. (1 990) evaluated the response of 

captive beluga whales to drill-rig noise. The authors did not observe elevated levels of 

blood catecholamines in response to the noise and determined it did not cause stress to 

the animals (Thomas et al., 1990). There is insufficient information on the type, 

intensity, and duration of noise that dolphins are exposed to in the ETP fishery, to 

surmise the potential effects of noise on the animals. 

C. POTENTIAL CONSEQUENCES OF CHASE AND CAPTURE: LONG- 

TERM EFFECTS 

1. Stress-Induced Pathologies 

Dysregulation of the HPA axis resulting from severe acute or chronic stress can 

result in structural, as well as, systemic pathologies. For example, glucocorticoids induce 

a catabolic effect on peripheral organs (skin, muscle, and adipose tissue), promoting 

protein and lipid degradation (Junqueira and Carneiro, 1971). Chronic stress also causes 

hypertrophy and hyperplasia of the adrenal cortex and medulla (Anderson and Capen, 

1978; Harvey et al., 1984). Stress affects thyroid function and can cause morphological 

changes in that gland. In addition, glucocorticoids promote hepatic gluconeogenesis and 

the increased metabolic activities of the liver can lead to hyperplasia in that organ under 

conditions of chronic stress. 

Stress can also cause cardiomyopathy, a condition characterized by focal 

myocardial necrosis induced by stressful stimuli. Cardiomyopathy has been documented 

in rats (Raab et al., 1968), squirrel monkeys (Corley et al, 1973, 1975), pigs (Johansson 
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et al., 1974), and humans (Cebelin and Hirsch, 1980). The lesion may be caused by 

catecholamines released in response to acute stress (Reichenbach and Benditt, 1970). 

a. Stress-Related Pathologies in Dolphins 

Two studies have investigated the occurrence of stress-related pathologies in 

specimens of spinner and spotted dolphins recovered from the ETP fishery. In the first 

study, Cowan and Walker (1 979) examined spotted and spinner dolphins killed in the 

ETP fishery and defined three states of disease: 1. naturally occurring disease, 2. tissue 

changes resulting from acute responses to terminal events, and 3. subacute pathological 

conditions that could hypothetically lead to death. Parasitism was found to be the most 

prevalent cause of naturally occurring disease. Acute tissue changes were attributed to 

drowning in fishing and research gear, and were described for the lungs, heart, adrenal 

glands, and spleen. 

Cowan and Walker (1979) concluded that there was no substantial evidence of 

“delayed mortality” related to the fishery (but see section II.B.2.a, Capture Myopathy). 

However, they noted that several of the dolphins apparently died of massive cardiac 

reaction to stress and were documented to have cardiac lesions consistent with those 

produced in laboratory animals injected with catecholamine and humans thought to have 

died of stress cardiomyopathy (Cowan and Walker, 1979; and see Cebelin and Hirsch, 

1980). 

In the second study investigating the potential occurrence of stress-related 

pathologies in dolphins killed in the ETP fishery, the adrenal glands of 90 male spinner 

and 172 male spotted dolphns were examined with the hypothesis that “continuous acute 
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stress” caused the deaths of dolphins caught in purse-seine nets (Myrick and Perkins 

(1 995). Thirty-nine histological sections were examined for lipid content and erythrocyte 

leakage, but adrenal color was used as the primary method to assess the presence of lipids 

and congestion in the glands. The authors concluded that the darkened cortices observed 

in approximately 95% of the samples indicated continuous acute stress and/or vasogenic 

shock. However, color is a volatile character and could also present artifacts (autolysis or 

pooling of blood postmortem, for example) to the analysis, thus the results must be 

regarded with caution. 

Adrenocortical cysts, which may be another stress-related pathology, have been 

observed to occur in several cetacean species including in mass stranded Atlantic white- 

sided dolphins, Lagenorhynchus acutus (Geraci et aI. , 1978), stranded harbor porpoises, 

Phocoena phocoena (Kuiken et al., 1993), a captive common dolphin (Cartee et al., 

1995), and stranded beluga whales (Lair et al., 1997). The mass stranded Atlantic white- 

sided dolphins could be considered to represent a generally “healthy” population, and 

Geraci et al. (1 978) determined that the adrenocortical cysts observed in those animals, 

were probably stress-related. Adrenocortical hyperplasia was observed in 24 out of 35 

stranded belugas, and cortical cysts containing a cortisol concentrated fluid were found in 

19 of the whales (Lair et al., 1997). The belugas sampled were exposed to xenobiotics 

and generally suffering from chronic disease. Lair et al. (1997) suspected that the 

adrenocortical cysts might have been stress-related. Harbor porpoises that were also 

chronically sick and exposed to chlorinated hydrocarbons were observed to have 

adrenocortical hyperplasia that was interpreted to result from chronic stress (Kuiken et 

al., 1993). 
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2. Stress-Induced Changes in Immune Function 

Stress also can have significant effects on immune function. Secretion of adrenal 

glucocorticoids induced by stress limits immune and inflammatory reactions through 

glucocorticoid induced changes in the traffic and function of immune system cells 

(Munck et al., 1984; Breazile, 1987, 1988; Dantzer and Kelley, 1989; Munck and Guyre, 

199 1 ; Chrousos and Gold, 1992; Chrousos, 1995). Glucocorticoid hormones reduce 

blood leukocytes (especially helper T lymphocytes, monocytes, and eosinophils) and 

decrease the clonal generation of lymphocytes (natural killer cells). These compromises 

in immune function lead to impaired response against tumor and virus-infected cells. 

Natural killer cell activity, for example, provides non-specific defense against viral 

infections and tumors (Breazile, 1987, 1988; Keller et al., 1991), and decreases in that 

activity will actually impede this defense. In addition, activation of the HPA axis during 

stress alters the production of cytokines and other mediators of inflammation, 

diminishing their action on several types of target cells. 

Glucocorticoids play a major role in modulating the action of inflammatory and 

autoimmune responses and in influencing host susceptibility to disease by enhancing or 

inhibiting immune responses (McEwen et al., 1997). However, current evidence 

indicates that adrenal steroids are not the only mediators of immune function and that 

their interaction with the autonomic nervous system, opiods and other neuropeptides, as 

well as protein hormones, also modulate immune function. 

Corticotropin releasing factor acts to modulate immune function during stress 

(Webster et al., 1998). Stress-induced secretion of hypothalamic CRF leads to secretion 
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of glucocorticoids and catecholamines, thus suppressing immune and inflammatory 

responses. But in addition, the immune system activates the HPA axis by 

cytokine/mediator (or inflammation mediated) stimulation of the CRF neuron and 

perhaps also of the pituitary zona fasciculata (Chrousos, 1995). This is a negative 

feedback cycle in which immune cell recognition of an infectious challenge activates the 

stress response by stimulating the secretion of CRF. During inflammatory stress, as the 

negative feedback cycle is activated, immune cell cytokines (predominantly the 

inflammatory related tumor necrosis factor-a, interleukin (IL- 1, and IL-6) induce CRF 

secretion and activate the HPA axis as well as the sympathetic nervous system (Sapolsky 

et al., 1987b; Webster et al., 1998). Thus, in response to stimuli that normally function to 

enhance their production, leukocytes and lymphocytes are reduced. This negative 

feedback cycle is thought to prevent over-reaction of defense mechanisms and also to 

maintain the specificity of immune reactions (Munck et al., 1984; Besedovsky et al., 

1986; Munck and Guyre, 1991). The presence of this negative feedback cycle suggests 

that the central action of CRF and glucocorticoids on the immune system may be to 

modulate immunologic function rather than simply to suppress it (McEwen et al. , 1997). 

Numerous controlled studies of animals and humans have demonstrated the 

relative effects of various stressors on overall immune function (McEwen et al., 1997) 

(Table 4). Psychological stressors have been demonstrated to cause immunosuppression 

in rodents (Keller et al. , 1983, 199 1 ; Bohus and Koolhaas, 199 1 ; Karp et al. , 1997). The 

repeated application of restraint and isolation stress compromised immune response to 

mitogens (Coppinger et al., 1991; Minton et al., 1992) and altered leukocyte 

differentiation antigens in lambs (Minton et al., 1992). Similarly, a reduction in 
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lymphocyte proliferative responses was observed in stressed pigs exposed to mitogens 

(Brown-Borg et al., 1993). Minton et al. (1995) found that lymphocyte proliferative 

functions were reduced in stressed lambs, but that increased levels of cortisol could not 

account for the reduced responses, implying that some factor other than cortisol may 

affect lymphocyte activity during stress. 

In addition, chronic stress influences allergic, autoimmune/inflammatory, 

infectious, and neoplastic diseases (Webster et al., 1997). One mechanism for this 

involves catecholamines, which are known to suppress immune function via adrenogenic 

receptor subtypes on immune cells (Madden et al., 1995). Glucocorticoids and 

catecholamines produced during stress appear to favor the production of T helper (TH) 2 

cells, which enhance humoral rather than cellular immunity, over that of TH 1 (Webster 

et al., 1997). 

Given the significant effects of stress on immune function, and the numerous 

studies indicating the immunosupressive effects of various stressors on mammals, it is 

plausible that fisheries-induced stress affects immune function in dolphins chased and 

captured by tuna purse-seine vessels. Although specific knowledge of immune function 

in spotted or spinner dolphins is lacking, research on the cetacean immune system has 

produced fundamental information on the identification of lymphocyte subpopulations 

and cell surface molecules (Romano et al. , 1992; Romano et al., in press). In addition, 

studies of beluga whale lymphoid organ morphology and neural-immune interactions 

related to stress effects on immune systems have shown that the distribution of 

catecholamine-containing nerve fibers in the lymphoid compartments of these cetaceans 

are regional and specific (Romano et al., 1994). This indicates that in response to stress, 
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norepinepherine and neuropeptides released from those fibers can alter immune response 

either by direct contact or via paracrine secretion (Romano, 1993; Romano et al., 1993, 

1994) .( 

One study investigated the effects of capture stress on the immune response of six 

beluga whales over a ten week period of captivity (St. Aubin et al., 1990). The 

administration of a T cell dependent antigen elicited an immune response in these 

animals, indicating that the response was possible despite the stress imposed by capture. 

However, St. Aubin et al. (1990) cautioned that the results were preliminary (examining 

only one aspect of immune function) and that further work with larger sample sizes 

would be necessary to identify the effects of stress on the cetacean immune system. They 

noted that lymphocyte levels fluctuated over the period of captivity and that decreases in 

lymphocyte levels have been demonstrated in association with increased cortisol levels in 

stressed cetaceans (Medway et al. 1970; St. Aubin and Geraci, 1989). 

3. Stress-Induced Changes in Reproductive Function 

It is well known that stress can alter normal reproductive function in humans 

and animals (Moberg, 1976, 1987c, 1991; Coubrough, 1985; Rabin et al., 1988; Rivier 

and Rivest, 199 1 ; Dobson and Smith, 1995). In general, stress suppresses reproductive 

function in mammals. This has been suggested to be an adaptive response for the 

conservation of energy during times of hardship - whether caused by physiological or 

disease states, or environmental influences (Rabin et al., 1988). Chronic stress, however, 

can affect reproductive success in wild populations. The adrenal stress response affects 
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reproductive efficiency and may have a central role in the self-regulation of mammalian 

populations (Christian et al., 1965; Christian, 197 1). 

Management related stressors such as crowding, handling procedures, animal 

transport, intraspecies interactions, social status, psychological distress, noise, and 

physical trauma can have significant negative effects on the fertility of domestic animals 

(see Coubrough, 1985; Dobson and Smith, 1995). Specific examples of the negative 

effects of management stress include increased plasma cortisol levels and reduced 

ovulation in cows as the result of transportation stress (Edwards et al., 1987). 

Reproductive problems in domestic animals subjected to transportation stress can persist 

for up to two months (Coubrough, 1985). Suppressive effects of stress disrupt estrus 

behavior in ewes (Ehnert and Moberg, 1991), as well as, estrus and ovulation in pigs 

(Hennessy and Williamson, 1983). Disrupted reproduction resulted from negative 

handling (prodding) and overcrowding in pigs (Hemsworth et al., 1986a, b); but see 

Turner et al. (1998) who did not observe disruption of the reproductive cycle in pigs 

subjected to management related stress. Cows subjected to negative handling have had 

reproductive cycles disrupted (Stoebel and Moberg, 1982). Another frequently imposed 

management stressor, restraint, has been documented to have detrimental effects on 

reproduction in female Rhesus monkeys (Norman et al., 1994). 

a. General Mechanisms 

There is a significant relationship between glucocorticoid hormones released by 

the HPA axis during stress, and the reproductive or hypothalamic pituitary gonadal 

(HPG) axis (Rivier and Rivest, 1991) (Figure 2). Activation of the HPA axis inhibits the 
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reproductive axis by inhibiting the luteinizing hormone releasing hormone (LHRH) 

neuron through the actions of CRF, P-endorphin, and glucocorticoids (Moberg, 1987~). 

In general, the duration of the stimulus, the interval between stimulations, and the 

intensity, or strength, of stressors are important factors in terms of the overall effects of 

these physiological mechanisms on reproduction. 

Glucocorticoids affect the reproductive axis by inhibition of gonadotropin 

releasing hormone (GnRH) secretion, as well as by disrupting GnRH-induced LH release, 

and altering the effect of gonadotropins on sex steroid secretion (Moberg, 1987~;  Rabin 

et al., 1988; Rivier and Rivest, 1991). Glucocorticoids released during prolonged or 

acute stress inhibit pituitary gonadotropin secretion and gonadal function, and cause 

resistance of target tissues to sex steroids. For example, the gonadotropin induced release 

of LH is suppressed by elevated levels of glucocorticoids in many animals including rats 

(Baldwin, 1979; Rivier et al., 1986; Du Ruisseau et al., 1979), bulls (Welsh and Johnson, 

198l), cows (Stoebel and Moberg, 1982; Eckternkamp, 1984), pigs (Pearce et al., 1988), 

non-human primates (Moberg et al., 1982; Sapolsky, 1985; O’Byrne et al., 1988) and 

humans (Peyser et al., 1973; Sowers et al., 1979). In addition, prolactin can be elevated 

during stress, and may alter the LH surge in humans to cause infertility (Ben-David and 

Schenker, 1983). 

It should also be noted that there have been cases where stress has increased LH 

release (Blake, 1975; Briski and Sylvester, 1988). This appears to be because stress 

activates hypothalamic noradrenergic neurons that exert complex stimulatory and 

inhibitory effects on GnRH release, and circulating levels of sex steroids act to modulate 

the LH response to stress (Rivier and Rivest, 199 1). Brann and Mahesh (1 99 1) suggested 
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that stress effects on inhibition or stimulation of gonadotropin secretion in females 

appears to be related to the length of exposure to a stressor and to background estrogen 

levels . 

Corticotropin-releasing factor released during stress acts at the level of the brain 

to inhibit gonadotropin secretion, with P-endorphin opioids acting to modulate the 

interaction between CRF and gonadotropin release (Rivier and Vale, 1984; Petraglia et 

al., 1986; Rivier et al., 1986). For example, studies of amenorrheic anorexic humans 

have shown that decreases in gonadotropin secretion were associated with increased CRF 

and P-endorphins (Gold et al., 1986; Gindoff and Ferin, 1987; Kaye et al., 1987). 

Corticotropin-releasing factor has an “extremely potent” suppressive effect on 

sexual behavior (receptivity) in the female rat (Sirinathsinghji et al., 1983). Female rats 

administered exogenous CRF intracerebroventricularly not only exhibited suppressed 

receptivity, but also were aggressive and actively rejected male mounting attempts. This 

study demonstrates the direct effect of CRF on behavior and the role of CRF in affecting 

endocrine and behavioral responses to stress. Thus, in response to stress CRF may 

suppress reproduction by inhibition of female receptivity. 

b. Efects on Female Reproduction 

The stage from estrus to implantation appears to be most vulnerable to the 

effects of stress (Moberg, 1976). The delicate balance and timing of neuroendocrine 

events during the female reproductive cycle predispose her to potential interruption and 

reproductive failure resulting from stress. In particular, the follicular phase can be 

affected by stress and may be more susceptible to disruption than the luteal phase because 
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the neuroendocrine regulation of follicular development and ovulation is dependent upon 

interaction between the hypothalamus, pituitary, gonadotropins, and feedback activities 

of estradiol (Moberg, 1991). 

In addition, stress in females can cause delayed puberty, lack of behavioral 

receptivity, irregular estrus, delayed ovulation, failure of ovulation or embryo 

implantation, spontaneous abortion, and increased infant mortality (Bachman and 

Kemmen, 1982; Sirinathsinghji et al., 1983; Adams et al, 1985, Loucks et al., 1989; 

Jurke et al., 1997; also see Johnson et al., 1992). Stress can also result in cystic ovarian 

degeneration. Matteri and Moberg (1982) noted that ACTH can cause cystic follicles in 

domestic livestock, and suggested that the development of ovarian cysts may be an 

additional result of insufficient LH release caused by high levels of ACTH during stress 

(see also Liptrap, 1970; Liptrap and McNally, 1976). 

Lactation can also be altered as the result of stress. Prolactin levels, which are 

generally increased during lactation, affect milk production in mammals and can also be 

increased in response to stress (Collier et al., 1984). In addition, mammary 

glucocorticoid receptors increase at lactogenesis, and growth hormone levels, also altered 

by stress, influence milk yield (Collier et al., 1984). Lactation provides nutrition and 

passive immunity to the offspring (Guidry, 1985), and requires nearly three times as 

much energy fkom the female as does gestation (Millar, 1977). The energetic cost of 

lactation is nearly 80% of the total reproductive cost in many mammals (Oftedal, 1985). 

Milk energy output, milk yield, and milk composition all vary according to lactation 

stage and nutritional status. In response to chronic stress, energy demands upon the 

female can decrease milk yield and can even terminate lactation. If chase and capture 
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have more than temporary effects on the quantity or quality of milk produced by females 

with dependent calves, the calves may suffer nutritional deficiency with all of its 

ramifications. 

C. Effects on Male Reproduction 

Glucocorticoids produced during stressful events exert direct' action on testis 

function by suppressing testosterone levels (Liptrap and Raeside, 1975; Pitzel et al., 

1979; Johnson et al., 1982; Knight et al., 1982, Cumming et al., 1983). The effects of 

changes in testosterone level on male fertility are not known. Even under conditions 

where glucocorticoids have acted initially to increase testosterone levels in boars 

(Juniewicz and Johnson, 1981; Liptrap and Raeside, 1975) continued elevation of 

glucocorticoids appear to suppress testosterone release (Moberg, 1987c). Restraint stress 

significantly lowered testosterone levels in rats (Charpenet et al., 1981). Stress induced 

by capture and immobilization lowered testosterone concentrations in the blood of free- 

ranging olive baboons (Papio anubis), was interpreted to imply that male reproduction 

can be inhibited by both psychogenic and neurogenic stressors (Sapolsky, 1985). 

In summary, it is clear that both acute and chronic stress can have negative 

effects on reproduction in mammals. By implication, fisheries-induced stress may have 

multiple effects on reproduction in exploited populations of spotted and spinner dolphins. 

There is considerable information on reproduction in spotted dolphins (see Perrin and 

Hohn, 1994). Data on ovulation rate in spotted dolphins (estimated to be about 0.4 to 0.6 

per year in this species) is partially based upon studies of individuals killed in the ETP 

fishery (Perrin et al., 1976; Perrin and Reilly, 1984). Perrin et al. (1976) observed that 
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estimates of reproductive parameters for individuals from the ETP were different than 

those for individuals from the western Pacific, and concluded that the differences may 

have been due to activities of the tuna fishery. Reproduction is apparently seasonal in 

spotted dolphins in the ETP, with peak calving seasons in the spring and fall, and 

possibly in the summer (Perrin et al., 1976). Length of lactation is about 1 to 2 years, and 

varies among populations. Changes, over time, in length of lactation within spotted 

dolphin populations may be related to fishing pressure (see Chivers, 1992; Perrin and 

Hohn, 1994). 

Barlow (1985) compared reproductive rates in two populations in the ETP, one 

considered to be more exploited than the other, and observed a lower percentage of 

pregnant females in the exploited stock. This is contrary to what might be expected if 

density compensatory effects were operating (Barlow, 1985). The number of animals 

lactating and the number of immature animals were higher in the exploited population, 

which were also responses counter to what might be expected. 

Reproductive patterns of spinner dolphins have been reviewed by Wells and 

Norris (1994) and Perrin and Gilpatrick (1 994). Benirschke et al. (1980) examined the 

reproductive tracts of spinner dolphins killed in the ETP and suggested that ovulation is 

spontaneous in these animals. Ovulation rate for animals in the ETP has been estimated 

to be approximately one per year, and declines with age (Perrin et al., 1977). 

Reproduction is seasonal in ETP spinner dolphins (Pemn et al., 1977). 

In comparing reproductive rates of two ETP spinner dolphin populations, Penin 

and Henderson (1984) observed a lower percentage of pregnant females in the more 

heavily exploited eastern spinner stock than in the less exploited whitebelly spinner 
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stock. Once again, this observation is contrary to expected density-dependent changes 

for a population whose abundance is decreasing (Barlow, 1985). 

Chivers and DeMaster (1 994) analyzed potential biological indices for the 

northeastern and westedsouthern management units of spotted dolphin, and the eastern 

and whitebelly spinner dolphin. Compensatory responses were observed for the 

parameters examined indicating that responses to changing population abundance were 

occurring. However, not all changes in the parameters were consistent with the 

predictions for density dependent population responses. For eastern and whitebelly 

spinner dolphin populations, the proportions of pregnant females decreased over the time 

series analyzed. The authors suggested that time lag in responses or sampling biases may 

be responsible for some of the observed changes, but this does not exclude the possibility 

that fishery-induced stress may have been acting to decrease pregnancy rate. 

The above information indicates that both the immediate effects of stressors to 

dolphins involved in the ETP fishery (activation of the HPA axis) and long-term effects 

could have adverse impacts on reproduction in these animals. The information also 

indicates that female reproduction may be particularly vulnerable to stressors. 

4. Stress-Induced Changes in Growth 

Chronic stress can inhibit growth in several ways. First, activation of the HPA 

axis suppresses growth hormone (GH) and inhibits the effects of insulin-like growth 

factors (IGF-I) on target tissues (Diegez et al., 1988; Stratakis et al., 1995). Second, CRF 

has been demonstrated to cause secretion of hypothalamic somatostatin, which inhibits 
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GH secretion (On0 et al., 1984; Rivier and Vale, 1985). Also, glucocorticoids may act to 

make tissues resistant to growth factors. 

In addition, physical contact between immature animals and caregivers is 

important for normal growth. Disruption of the infant-caregiver bond can affect growth 

(Schanberg and Kuhn, 1980; Schanberg and Field, 1988). A condition known as 

“psychosocial short stature” or “psychosocial dwarfism” in humans is caused by 

psychological abuse or stressful psychosocial environment (Johnson et al., 1992; Stratikis 

et al., 1995). The condition appears to be caused by disruption of social relationships 

(especially those involving the primary caregiver) during early development (Powell et 

al., 1967). Consistent with the theory that the short stature results from psychosocial 

stress, deficient levels of GH and IGF-I have been documented to occur in patients with 

the condition (Albanese et al., 1994). 

The suppression of thyroid function also affects growth. Corticotropin releasing 

factor induced secretion of somatostatin suppresses secretion of the thyroid hormones, 

TRH and TSH. Also, glucocorticoids decrease the conversion of T4 to T3 during stress. 

Studies in rats have demonstrated that stress-induced decreases in TSH are influenced by 

age, with younger animals being more susceptible (Cizza et al., 1995, 1996). 

The effects of stress on growth may be a real concern in relation to fisheries 

interactions in the ETP if stressors such as maternal-young separation, separation from 

social group, novelty, and isolation have an impact on dolphin calves. Growth in young 

animals can also be affected secondarily if stress effects milk quality or yield in the 

mother or metabolism in the calf. 
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5. Stress-Induced Changes in Metabolism 

Metabolism is affected by stress in mammals because activation of the HPA axis 

can increase metabolic rate and decrease nutrient absorption (see Elasser et al., 1995). 

Mizrock (1 995) reviewed what is known about alterations in carbohydrate metabolism 

during stress. In his general overview of stress and stress related diseases, Sapolsky 

(1 998) emphasized the inefficiency of repeated mobilization of energy reserves in 

response to intermittent stressors. Chronic exposure to glucocorticoids, causing a 

depletion of energy reserves, can result in muscle wastage (Kaplan and Nagareda 

Schimizu, 1963). 

Exposure to glucocorticoids also causes hepatic gluconeogenesis resulting in 

hyperglycemia, and can result in elevated triglyceride levels. A pseudodiabetic state can 

develop in tissues where glucose uptake is inhibited, and both lipid and protein 

catabolism can become pronounced. Ketosis, hyperlipemia, hyperaminoacidemia, and 

associated metabolic acidosis can develop as a result of these effects (Breazil, 1987). 

Other severe complications can arise from chronic exposure to elevated levels of 

glucocorticoid steroids. In humans and non-human primates, stress has been documented 

to cause insulin resistance and can lead to a state similar to that of a metabolic disorder 

known as “syndrome X ’  (Jay0 et al., 1993; Pasqualli et al., 1993). The syndrome is 

characterized by obesity, insulin resistance, and increased occurrence of 

arteriolosclerosis. 

The effects of fishery-induced stress on metabolism in spotted and spinner 

dolphins are entirely unknown. Based upon information from other mammals, it appears 



possible that their metabolism could be affected by stress, but the potential impact on 

individual dolphins can not be assessed. 

111. DISCUSSION 

A. Potential Immediate Effects Of Stress 

Capture and pursuit cause stress, as assessed by adrenocortical activity, to 

terrestrial mammals (Hattingh et al., 1988, 1990; Harlow et al. 1992; Bateson and 

Bradshaw, 1997) and cetaceans (Thomson and Geraci, 1986; St. Aubin and Geraci., 

1990; St. Aubin et al., 1996). Capture stress in cetaceans elicits an adrenal response 

(elevated levels of cortisol and aldosterone) as well as changes in thyroid hormone 

balance, glucose, iron, lymphocytes and eosinophils (Thomson and Geraci, 1986; St. 

Aubin and Geraci., 1990, 1992; St. Aubin et al., 1996). 

Based on the literature from studies of stress in mammals, it is apparent that there 

will be differences in stress-related responses among species and individuals. 

Differences in temperament, age, sex, and health condition are all likely to influence the 

response of dolphins in the ETP to fisheries activities. Differences in experience with the 

fishery may also influence responses to stress among individual dolphins. Further, each 

encounter with the fishery will differ and this too will influence the potential response of 

an individual dolphin. 

During chase and capture operations of the ETP tuna purse-seine fishery, dolphins 

encounter multiple stressors. In this review, specific stressors have been identified that 

could plausibly elicit an immediate physiological stress response of the hypothalamic- 

pituitary-adrenal axis. Chronic stress or repeated acute stress can have maladaptive 
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effects on immune responses, reproductive function and growth among others (Moberg 

1991, 1987c; Rivier and Rivest, 199 1 ; Chrousos and Gold, 1992; McEwen et al., 1997). 

Many of the types of stressors encountered by dolphins in the tuna purse-seine fishery 

have been shown to be pathogenic in other mammals under chronic or multiple acute 

influence. 

One additional potentially significant aspect of search, chase and encirclement of 

dolphins in the ETP, is that the inter-species association between dolphins and tuna is 

disrupted. This may be important if there are nutritional advantages for the herds 

associated with tuna (see Au and Pitman, 1986). It appears that spotted and spinner 

dolphins may be largely nocturnal feeders (see Scott and Cattanach, 1998), but prey 

species in the ETP are patchily distributed and it is possible that dolphins aggregate with 

tuna, perhaps to maintain their proximity to prey species during the day, thus maximizing 

foraging opportunities at night. 

It has also been observed that herd sizes of spotted and spinner dolphins appear to 

increase from night to daytime (Scott and Cattanach, 1998). The larger daytime 

aggregations have been suggested to provide more effective searching for prey that will 

migrate vertically at night and more opportunities for mating (Scott and Cattanach, 1998). 

As they react to search and chase by running from the helicopter and vessels, dolphins are 

displaced from the area where they were found. Habitat utilization, foraging efficiency, 

and social activities are all likely to be disrupted. 

Many of the fishery-induced stressors are likely to have immediate physiological 

effects on individual dolphins. First, the perception of pursuit and lack of control are can 

elicit an HPA response in dolphins during their reaction to approach by vessels or 
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helicopters. Second, the potential for social separation and novelty of the conditions 

enforced by any given catch can also elicit an immediate HPA response in these dolphins. 

The stress of social separation may be particularly acute because these pelagic dolphins 

of the genus Stenella are herd animals. These dolphins exhibit strong social cohesiveness 

and structural integrity within herds. For example, Norris and Johnson (1994) 

emphasized that “a spinner dolphm never leaves the protective confines of its school.” 

The instinct for herding in these animals appears to be strong and the benefits are 

presumably large. Although herd composition can be remarkably fluid, with fluctuating 

changes in group size and composition (Norris and Dohl, 1980a,b; Norris and Johnson, 

1994; Scott and Cattanach, 1998), social relationships within these herds appear to be 

fundamental to individual survival. Because dolphins apparently have a relatively 

sophisticated communication system, herding affords the dolphins protection in the form 

of early warning about predators, organization against attack, and could allow conveying 

of information regarding prey or environmental change. Further, in his review of 

delphinid social ecology, Heimlich-Boran (1993) found that there appears to be a high 

degree of behavioral coordination among social groups in both spinner and spotted 

dolphins. By implication, there may be repeated interactions between cooperative 

groups, and this type of behavioral cohesiveness usually typifies kin-related groups 

(Heimlich-Boran, 1993). Given the probable importance of social relationships among 

dolphns and the benefits conferred upon individuals by herding, separation, when it does 

occur, is likely to elicit an adrenocortical response in these dolphins. 

Another probable stimulant of immediate physiological stress response for 

dolphins encircled in purse-seine nets is the enforced disruption of spatial distribution 

60 



among dominant and subordinate animals confined within the nets. The central 

indication for this results from the work of Pryor and Kang Shallenberger (1 99 1). In their 

observations of focal animals sampled from spotted dolphins in tuna purse-seine sets, 

they found that most occurrences of social aggression (threat displays or aggressive 

physical contact) could be interpreted as normal behavior and most incidences occurred 

between cow-calf pairs. Outside of focal animal observations, however, they 

documented many occurrences of “more extensive episodes” of social aggression. Most 

of these episodes were between adult males, but aggressive interactions between adult 

females, subadults, and one incident between a cow-calf pair were also observed. These 

are the types of interactions that have been demonstrated to elicit an HPA response in 

terrestrial mammals, and this type of stress associated with social rank has been shown to 

affect reproduction in primates (Sapolsky, 1985, 1987a; O’Byrne et al., 1988; Creel et al., 

1996). 

In addition to eliciting an adrenocortical response, fisheries operations may have 

several other immediate physiological consequences to individual dolphins, including 

muscle damage and hyperthermia. For example, passive behavior of dolphins captured in 

tuna nets has been suggested to result from the effects of chase and capture on dolphin 

physiology (Coe and Stuntz; 1980; Sevenbergen and Myrick3). In particular, capture 

myopathy is suspected to occur in these dolphins (Stuntz and Shay, 1979). Some form of 

muscle damage or capture myopathy seems likely to occur in a portion of individual 

dolphins chased and captured in purse-seine nets, and, given the occurrence of capture 

Sevenbergen, K. L. and Myrick, A. C. Behavioral and physiological responses to stress in mammals: 
Criteria for evaluating dolphin behavior during chase and capture by purse seines in the eastern tropical 
Pacific. Unpublished manuscript cited with permission of K. L. Sevenbergen (23 November, 1998). 
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myopathy related mortality in terrestrial mammals (see Table 3a), it is plausible that post- 

capture mortality results from chase in some individuals. Death from capture myopathy 

could occur either as an endpoint of the condition itself or as the result of impaired ability 

to forage and avoid predation. 

Cowan and Walker (1979) found no evidence of capture myopathy from 

observations of skeletal muscle obtained from dolphins killed in the ETP fishery. This 

may be evidence that muscle damage does not occur in dolphins as the result of chase and 

capture. Alternatively, based on information from terrestrial mammals, it seems possible 

that myopathic changes to skeletal muscle may occur gradually, during and post-capture, 

as the cumulative effect of systemic changes caused by the delayed-peracute syndrome. 

If available, data from examinations of newly captured or stranded cetaceans 

(representing a condition of severe stress) may provide insight to the cetacean stress 

response itself, and to the time course of resultant pathologies (Geraci and St. Aubin, 

1977; Dierauf, 1990). 

Capture myopathy-related injury to the heart, suffered in acute shock, can cause 

death. Turnbull and Cowan (1 998) hypothesized that dolphins are particularly 

susceptible to stress cardiomyopathy. The authors found lesions typical of those 

attributed in other species to direct myocardial injury from catecholamines, or from 

coronary artery branch spasm induced by catecholamines or autonomic discharge 

("contraction band necrosis" or CBN), in stranded dolphins (Turnbull and Cowan, 1998). 

In investigation of hearts from human drowning victims, CBN has been considered to be 

the cause of sudden death (Lunt and Rose, 1987). Given the conclusions of Cowan and 

Walker (1 979), that stress cardiomyopathy occurred in dolphins killed in tuna purse-seine 
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nets, it is seems possible that CBN could lead to the death of animals captured in the ETP 

fishery. 

One last immediate physiological response to stress must be noted here. 

Neurohormones secreted during stress can have an immediate effect impairing fertility in 

females (Moberg, 1991). The HPA response to stress could result in the disruption of 

neuroendocrine processes that govern the female reproductive cycle (Moberg, 1987c, 

Rivier and Rivest, 1991). Because this may be particularly true when females are in the 

follicular phase of reproduction, logic dictates that fishery exploitation coinciding with 

reproductive season in a spinner or spotted dolphin population could have a significant 

effect on the reproductive success of that population. It is also relevant that fishery- 

induced stress could suppress testosterone levels in dolphins, but the potential immediate 

effects, if any, on male fertility are not clear. 

B. Potential Long-Term Effects Of Stress 

The long-term effects of fishery-induced stress are difficult to detect. These are 

gradual effects occurring over time. These effects could include changes in immune 

status, as well as impaired reproduction. Romano (1 993) suggested that stressors 

encountered by cetaceans in the wild (entanglement in fishing gear, social separation, 

contact with environmental pollutants such as oil or noise, and even extreme temperature 

changes) could compromise the immune system. She noted that immunologic defenses 

may be seriously compromised if pathogens such as viruses, bacteria, parasites, or toxins 

are present, and compounded with the effects of stress (Romano, 1993; see also Riley 

198 1, Welsh et al., 199 1). Although nothing is known about the immunocompetence of 
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dolphins involved in the tuna purse-seine fishery, it seems likely that compromises in 

immune function occur in response to fisheries-induced stress. If samples from dolphins 

killed in the fishery could be obtained, immunohistochemistry of spleen, thymus and 

lymph tissue (and possibly tonsils and additional lymphoid tissues) could be used to 

investigate the immune status of individuals given that background information on life 

history and health status of the animals are known. Suppression of natural killer cell 

activity due to stress (see Breazile, 1987, 1988; Keller et al., 1991) has recently been 

observed in beluga whales using two independent methods (De Guise et al. , 1997), and 

may be another important indicator of immune system status in dolphins involved in the 

fishery. 

It also seems likely that the reproduction of some proportion of female dolphins 

will be disrupted, either as a result of the HPA response to stress or through the 

development of pathologies resulting from chronic stress. Investigations of spotted and 

spinner dolphins have shown that high levels of fishery mortality were likely to have 

caused changes in reproductive parameters of exploited populations (see Perrin et al., 

1996, Barlow, 1985). One plausible explanation for the observations of a lower 

percentage of pregnant females in exploited stocks of spotted and spinner dolphins 

(Perrin and Henderson, 1984; Barlow, 1985) is that fishery-induced stress was disrupting 

reproduction in those heavily exploited stocks, so that reproductive parameters were 

unable to adjust to changes in population density. 

Also with respect to reproduction, the energetic costs for a lactating female 

responding to stress may compromise lactation in several ways. Fisheries-induced stress 

could play a significant role in disrupting reproduction in dolphin populations because the 
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duration of lactation in mammals is influenced by external pressures and changes in 

lactation length can in turn alter reproductive rates in mammals (Sadleir, 1984). 

C. Effects Of Stress On Immature Dolphins 

Norris et al., (1 978) indicated that dolphins do become separated during chase and 

capture in the ETP, and it has been suggested that cow-calf separation is likely to occur 

(Barlow, 1985). It appears that young animals may be particularly vulnerable to the 

impacts of fisheries operations in the tuna purse-seine fishery. First, maternal separation 

in mammals elicits an HPA response that may not decrease over time even after repeated 

events (Levine, 1993). Second, novelty elicits a strong HPA response in mammals and 

may be particularly likely to affect young animals. In addition, compromises in quality 

and duration of lactation could affect growth in calves. Finally, activation of the HPA 

axis during stress can lead to impaired growth (Stratakis et al., 1995). 

D. Conclusion 

Beyond the recognition that any one of these pathologies may have maladaptive 

impact (including mortality) on an individual, the potential effects of stressors must be 

relevant to the well-being of dolphins and the success of populations in the ETP. 

It is difficult at present to characterize risk imposed on dolphin populations by the 

tuna fishery. This is partially because there is little available information on capture 

fiequency, which is necessary to assess levels of exposure among individuals. Some 

animals may only be exposed to occasional acute stress induced by chase and capture, 

while other populations in areas of greater fishing effort are exposed to chase and capture 
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events. Understanding the exposure to each of these levels of stress can be important to 

determining the impact of stress on the population. 

Similarly, although each of the pathologies described above is the likely product 

of fishery-induced stress on individual dolphins, it is difficult to obtain direct 

measurements of the effects of stress on animals killed in the fishery. To obtain this type 

of information, large sample sizes of specimens incidentally killed in tuna purse-seine 

nets must be collected. Further, it is important to have comparative specimens that have 

not experienced fisheries-induced stress, and are of the same species or a closely related 

species. 

Clearly, a systematic approach will be necessary to test the effect of stress on 

dolphin populations in the ETP. Information on induced changes in age-specific rates of 

survival and reproduction will likely be needed to estimate the effects of risk factors to a 

population, but this is problematic because current data regarding population dynamics 

are not available for existing stocks of dolphins in the ETP. Such data have not been 

collected since the late 1980’s 

One potential approach to estimating population level effects of stress has been 

demonstrated as a type of risk assessment simulation model for integrating the potential 

effects of stress with other risk factors and population characteristics such as age 

structure and fecundity in salmon (Schreck, 1998). However, few studies have yet been 

completed that consider the effects on a population of long-term exposure to stress. It is 

not clear how applicable these methods will be to questions about fishery-related stress in 

ETP dolphin stocks. Investigations conducted by Schreck and colleagues have 

encompassed, among others, measures of stress effects of immunocompetence (Maule et 
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al., 1989), reproduction (Schreck et al., 1991), and energetic response to handling stress 

(Davis and Schreck, 1997) in salmon. Inclusion of these types of stress effects in 

simulation modeling allows for estimates of generation time to population extinction, and 

could provide for observation of the relative effects of specific stressors on the 

population. It is unlikely, however, that sufficient samples could be obtained to provide 

the necessary vital rate information and direct evidence of stress in a given stock. 

Although this review of existing literature regarding stress in mammals can not 

provide a quantitative answer to the question of whether the tuna fishery is causing stress 

to affected dolphin populations, the available information and evidence point to the 

likelihood that physiological stress is induced by fisheries activities. It is therefore 

plausible, that stress resulting from chase and capture in the ETP yellowfin tuna purse- 

seine fishery could have a population level effect on one or more dolphin stocks. 

67 



ACKNOWLEDGEMENTS 

I am grateful to A. Mortensen, R. Calton, and D. Losey assisted in obtaining 

published literature for this report. Discussions with W. A. Armstrong, T. Gerrodette; T. 

A. Jefferson; G. P. Moberg, and R. L. Pitman, benefited the report. I gratefully 

acknowledge the comments of S. J. Chivers, D. F. Cowan, E. F. Edwards, J. R. Geraci, T. 

A. Jefferson, J. A. Mench, G. P. Moberg, S. Reilly, D. J. St. Aubin, as well as those of the 

Inter-American Tropical Tuna Commission and the Marine Mammal Commission. E. F. 

Edwards contributed significantly to this manuscript by editing several revisions. R. 

Allen completed the graphics in this report. 

68 



LITERATURE CITED 

Adams, M. R., Kaplan, J. R., and Koritnik, D. R. 1985. Psychosocial influences on 

ovarian, endocrine and ovulatory function in Macaca facicularis. Physiology 

and Behavior 35:935-940. 

Albanese, A., Hamill, G., Jones, J., Skuse, D., Mathews, D. R., and Stanhope, R. 1994. 

Reversibility of physiological growth hormone secretion in children with 

psychosocial dwarfism. Clinical Endocrinology (Oxford) 40:687-692. 

Anderson, M. P., and Capen, C. C. 1978. The endocrine system. Pages 423-508 in K. 

Benirschke, F. M. Garner, and T. C. Jones (eds.), Pathology of Laboratory 

Animals. Vol. 1. Springer-Verlag, New York. 

Antognini, J. F., Eisele, P. H., and Gronert, G. A 1996. Evaluation for malignant 

hyperthermia susceptibility in black-tailed deer. Journal of Wildlife Diseases 

32(4)678-68 1. 

Armstrong, R. B. 1990. Initial events in exercise-induced muscular injury. Medicine 

and Science in Sports and Exercise 22:429-435. 

Au, D. W. 199 1. Polyspecific nature of tuna schools: shark, dolphin, and seabird 

associates. Fishery Bulletin 89:343-354. 

Au, D., and Perryman, W. 1982. Movement and speed of dolphin schools responding to 

an approaching ship. Fishery Bulletin 80(2):37 1-379. 

Au, D. W. K., and Pitman, R. L. 1986. Seabird interactions with dolphins and tuna in 

the eastern tropical Pacific. The Condor 88:304-3 17. 

Au, D. W. K., and Pitman, R. L. 1988. Seabird relationships with tropical tunas and 

dolphins. Pages 174-2 12 in J. Burger (ed.), Seabirds & Other Marine Vertebrates: 

69 



Competition, predation and other interactions. Columbia University Press, New 

York. 

Axlerod, J., and Reisine, T. D. 1984. Stress hormones: their interaction and regulation. 

Science 224:452-459. 

Bachman, G. A., and Kemmann, E. 1982. Prevelance of oligomenorrhea and 

American Journal of Obstetrics and amenorrhea in a college population. 

Gynecology 144:98-102. 

Bailey, T. A., Nicholls, P. K., Samour, J. H., Naldo, J., Werney, U., and Howlett, J. C. 

1996. Postmortem findings in bustards in the United Arab Emirates. Avian 

Diseases 40:296-305. 

Baldwin, D. M. 1979. The effects of glucocorticoids on estrogen-dependent luteinizing 

hormone release in the ovariectomized rat and on gonadotropin secretion in the 

intact female rat. Endocrinology 105: 120-127. 

Barham, E. G., Takaguchi, W. K., and Reilly, S. B. 1977. Porpoise rescue methods in 

the yellowfin purse seine fishery and the importance of Medina Panel mesh size. 

Marine Fisheries Review 39: 1 - 10. 

Barlow, J. 1985. Variability, trends, and biases in reproductive rates of spotted dolphins, 

Stenellu attenuatu. Fishery Bulletin 83(4):657-669. 

Bartsch, R. C., McConnell, E. E., Imes, G. D., and Schmidt, J. M. 1977. A review of 

exertional rhabdomyolysis in wild and domestic animals and man. Veterinary 

Pathology 14:314-324. 

70 



Bassett, J. R., Caimcross, K. D., and King, M. G. 1973. Parameters of novelty, shock 

predictability and response contingency in corticosterone release in the rat. 

Physiology and Behavior 10:901-907. 

Basson, P. A., and Hofmeyr, J. M. 1978. Mortalities associated with wildlife capture 

operations. Pages 151-160 in E. Young (ed.), The Capture and Care of Wild 

Animals. Human and Rousseau, Cape Town. 

Bateson, P. 1997. The behavioural and physiological effects of culling red deer. Report 

to the Council of the National Trust. 77pp. 

Bateson, P., and Bradshaw, E. L. 1997. Physiological effects of hunting red deer 

(Cewus elaphus). Proceedings of the Zoological Society of London 264: 1707- 

1714. 

Bell, A. W. 1987. Consequences of severe heat stress for fetal development. Pages 313- 

Physical 333 in J. R. S. Hales and D. A. B. Richards (eds.), Heat Stress: 

exertion and environment. Elsevier, Amsterdam. 

Ben-David, M. and Schenker, J. G. 1983. Transient hyperprolactinemia: a correctable 

cause of idiopathic female infertility. Journal of Clinical Endocrinology and 

Metabolism 5 7:442-444. 

Ben-Yami, M. 1994. Purse seining manual. Fishing News Books, London. 406 pp. 

Benirschke, K., Johnson, M. L., and Benirschke, R. J. 1980. Is ovulation in dolphins. 

Stenella longirostris and Stenella attenuata, always copulation-induced? 

Fishery Bulletin 78(2):507-528. 

Beringer, J., Hansen, L. P., Wilding, W., Fischer, J., and Sherrif, S. L. 1996. Factors 

71 



affecting capture myopathy in white-tailed deer. Journal of Wildlife Management. 

601373-380. 

Besedovsky, H. O., DelRay, S., Sorkin, E., and Dinarello, C. A. 1986. 

Immunoregulatory feedback between interleukin- 1 and glucocorticoid 

hormones. Science 233 :652-655. 

Blake, C. A. 1975. Effects of “stress” on pulsatile luteinizing hormone release in 

ovariectomized rats. Experimental Biology and Medicine 14818 13-8 15. 

Bleich , V. C., Bowyer, R. T., Pauli, A. M., Vernoy, R. L., and Anthes, R. W. 1990. 

Responses of mountain sheep to helicopter surveys. California Fish and Game 

76: 197-204. 

Bleich, V. C., Bowyer, R. T., Pauli, A. M., Nicholson, M. C., Anthes, W. A. M. 1994. 

Mountain sheep &is canadensis and helicopter surveys: ramifications for the 

conservation of large mammals. Biological Conservation 70: 1-7. 

Bohus, B., and Koolhaas, J. M. 1991. Psychoimmunology of social factors in rodents 

and other subprimate vertebrates. Pages 807-830 in R. Ader, D. L. Felten, and N. 

Cohen, eds. Psychoneuroimmunology, Second Edition. Academic Press, San 

Diego. 

Boice, R. C., Swift, M. L., and Roberts, J. C, Jr. 1964. Cross-sectional anatomy of the 

dolphin. Norsk Hvalfangst-Tidende 7: 177- 193. 

Bollinger, T. G., Wobeser, R. G., Clarke, Nieman, D. J., and Smith, J. R. 1989. 

Concentration of creatine kinase and aspartate aminotransferase in the blood of 

wild mallards following capture by three methods for banding. Journal of 

Wildlife Diseases 25:225-23 1. 

72 



Boyd, J. W. 1982. The mechanisms relating to increases in plasma enzymes and 

isoenzymes in diseases of animals Veterinary Clinical Pathology 12:9-24. 

Brann, D. W., and Mahesh, V. B. 1991. Role of corticosteroids in female reproduction. 

FASEB Journal 5:269 1-2698. 

Breazile, J. E. 1987. Physiologic basis and consequences of distress in animals. Journal 

of the American Veterinary Association 19 1 : 12 12- 12 1 5. 

Breazile, J. E. 1988. The physiology of stress and its relationship to mechanisms of 

disease and therapeutics. Veterinary Clinics of North America: Food and 

Animal Practice 4:441-480. 

Brinnel, H., Cabanac, M., and Hales, J. R. S. 1987. Critical upper levels of body 

temperature, tissue thermosensitivity and selective brain cooling in 

hyperthermia. Pages 209-260 in J. R. S. Hales and D. A. B. Richards (eds.), 

Heat Stress: Physical exertion and environment. Elsevier, Amsterdam. 

Briski, K. P., and Sylvester, P. W. 1988. Effects of specific acute stressors on luteinizing 

hormone release in ovariectomized and ovariectomized estrogen-treated female 

rats. Neuroendocrinology 47: 194-202. 

Brodie, P. F. 1975. Cetacean energetics, an overview of intraspecific size variation. 

Ecology 56:152-161. 

Brown, M. R., Fisher, L. A., Spiess, J., Rivier, J., Rivier, C., and Vale, W. 1982. 

Corticotropin-releasing factor: actions on the sympathetic nervous system and 

metabolism. Endocrinology 1 1 1 :928-93 1. 

Brown-Borg, H. M., Klemcke, H. G., and Blecha, F. 1993. Lymphocyte proliferative 

responses in neonatal pigs with high or low plasma cortisol concentration after 

73 



stress induced by restraint. American Journal of Veterinary Research 

54(12):2015-2020. 

Burrows, R. 1992. Rabies in wild dogs. Nature 359:227. 

Burrows, R., Hofer, H., and East, M. 1995. Population dynamics, intervention and 

Proceedings of the Royal survival in African wild dogs (Lycaon pictus). 

Society of London, Series B. 262:235-245. 

Cannon, W, B., and De La P a ,  D. 191 1. Emotional stimulation of adrenal secretion. 

American Journal of Physiology 27:64-70. 

Carpenter, J. W., Thomas, N. J., and Reeves, S. 1991. Capture myopathy in an 

Journal of Zoo and endangered sandhill crane ( G m  canadensis pulla). 

Wildlife Medicine 22:488-493. 

Cartee, R. E., Tarpley, R., Mahoney, K., Ridgway, S. H., and Johnson, P. L. 1995. A 

case of cystic adrenal disease in a common dolphin (Delphinus delphis). 

Journal of Zoo and Wildlife Medicine 26:293-297. 

Cebelin, M. S., and Hirsch, C. S. 1980. Human stress cardiomyopathy. Myocardial 

lesions in victims of homicidal assaults without internal injuries. Human 

Pathology 11:123-132. 

Chalmers, G.A., and Barrett, W. 1977. Capture myopathy in pronghorns in Alberta, 

Canada. Journal of the American Veterinary Medical Association 17 1 (9):918- 

923. 

Charpenet, D., Tache, Y., Forest, M. G.,  Haour, F., Saez, J.M., Bernier, M., Ducharme, J. 

R., and Collu, R. 198 1. Effects of chronic intermittent immobilization stress on 

rat testicular androgenic function. Endocrinology 109(4): 1254- 1258. 

74 



Christian, J. J. 197 1. Population density and reproductive efficiency. Biology of 

Reproduction 4:248-294. 

Christian, J. J., Lloyd, J. A., and David, D. E. 1965. The role of endocrines in the self 

regulation of mammalian populations. Recent Progress in Hormonal Research 

211501-578. 

Chivers, S. J. 1992. Life History Parameters as Indicators of Density Dependence for 

Populations of Delphinids. Ph.D. dissertation, University of California, Los 

Angeles, 187 pp. 

Chivers, S. J., and Demaster, D. P. 1994. Evaluation of biological indices for three 

eastern Pacific dolphin species. Journal of Wildlife Management 58:470-478. 

Chrousos, G. P. 1992. Regulation and dysregulation of the hypothalamic-pituitary- 

adrenal axis. Neuroendocrinology 21 :833-858. 

Chrousos, G. P. 1995. The hypothalmic-pituitary-adrenal axis and immune-mediated 

inflammation. New England Journal of Medicine 332:1351-1362. 

1992. The concept of stress and stress system Chrousos, G. P., and Gold, P. W. 

disorders. Journal of the American Medical Association. 267: 1244-1252. 

Chrousos, G. P., Loriaux, L. D., and Gold, P. W. 1988. The concept of stress and its 

historical development. Pages 3-7 in G. P Chrousos, L. D. Loriaux, and P. W. 

Gold (eds.), Mechanisms of physical and emotional stress. Vol. 245. Advances 

in experimental medicine and biology. Plenum Press, New York. 

Cizza, G., Brady, L. S., Pacak, K., Blackman, M. R., Gold, P. W., and Chrousos, G. P. 

1995. Stress-induced inhibition of the hypothalamic-pituitary-thyroid axis is 

75 



attenuated in the aged Fischer 344/N male rat. Neuroendocrinology 62:506- 

513. 

Cizza, G., Brady, L. S., Escalpes, M., Blackman, M. R., Gold, P. W., and Chrousos, G. P. 

1996. Age and gender influence basal and stress-modulated hypothalami- 

pituitary-thyroidal function in Fischer 344/N rats. Neuroendocrinology 64:440- 

448. 

Coe, C. L., Franklin, D., Smith, E. R., and Levine, S. 1982. Hormonal responses 

Physiology and accompanying fear and agitation in the squirrel monkey. 

Behavior 29: 105 1-1057. 

Coe, J. M., and Stuntz, W. E. 1980. Passive behavior by the spotted dolphin, Stenella 

attenuata, in tuna purse seine nets. Fishery Bulletin: 78:535-537. 

Coe, J. M., Holts, D. B., and Butler, R. W. 1984. The “tuna-porpoise” problem: NMFS 

dolphin mortality reduction research 1970-8 1. Marine Fisheries Review 

46(3)18-33. 

Colgrove, G. S. 1978. Suspected transportation-associated myopathy in a dolphin. 

Journal of the American Veterinary Medical Association 173(9): 1 12 1 - 1 123. 

Collier, R. J., McNamara, J. P., Wallace, C. R., and Dehoff, M. H. 1984. A review of 

endocrine regulation of metabolism during lactation. Journal of Animal Science 

59(2):498-5 10. 

Conley, K. E. 1994. Cellular energetics during exercise. Pages 1-39 in J. H. Jones (ed.), 

Advances in Veterinary Science and Comparative Medicine Volume 38A, 

Comparative Vertebrate Exercise Physiology: Unifying Physiological 

Principals. Academic Press, San Diego. 

76 



Comer, M. C., Soutiere, E. C., and Lancia, R. A. 1987. Drop-netting deer: costs and 

incidence of capture myopathy. Wildlife Society Bulletin 15:434-43 8. 

Coppinger, T. R., Minton, P. G., Reddy, P. G., and Blecha, F. 1991. Repeated restraint 

and isolation stress in lambs increases pituitary-adrenal secretions and reduces 

cell-mediated immunity. Journal of Animal Science 69:2808-28 14. 

Corley, K. C., Shiel, F. O., Mauck, H. P., and Greenhout, J. 1973. Electrocardiographic 

and cardiac morphological changes associated with environmental stress in 

squirrel monkeys. Psychosomatic Medicine 35:36 1-364. 

Corley, K. C., Mauck, H. P., and Shiel, F. 0. 1975. Cardiac responses associated with 

“yoked chain” shock avoidance in squirrel monkeys. Psychophysiology 

12~439-444. 

Coubrough, R. I. 1985. Stress and fertility, a review. Onderstepoort Journal of 

Veterinary Research 52: 153-1 56. 

Cowan, D. F., and Walker, W. A. 1979. Disease factors in Stenella uttenuatu and 

Stenella Zongirostris taken in the eastern tropical Pacific yellowfin tuna purse 

seine fishery. Southwest Fisheries Science Center, National Marine Fisheries 

Service, NOAA, Administrative Report No. LJ-79-32C. 2 1 pp. 

Creel, S . ,  Creel, N. M., and Monfort, S. L. 1996. Social stress and dominance. Nature 

379:212. 

Creel, S. ,  Creel, N. M., and Monfort, S .  L. 1997. Radiocollaring and stress hormones in 

Afncan wild dogs. Conservation Biology 11544-548. 

77 



Cumming, D. C., Quigley, M. E., Yen, S. S. C. 1983. Acute suppression of circulating 

testosterone levels by cortisol in man. Journal of Clinical Endocrinology and 

i. Metabolism 57:671-673. 

Dabbert, C. B., and Powell, K. C. 1993. Serum enzymes as indicators of capture 

Journal of Wildlife Diseases myopathy in mallards (Anus plutyrhynchos). 

29: 3 04-3 09. 

Dantzer, R., and Kelley, K. W. 1989. Stress and immunity: an integrated view of 

relationships between the brain and immune system. Life Sciences 44: 1995- 

2008. 

Davis, L. E., and Schreck, C. B. 1997. The energetic response to handling stress in 

juvenile coho salmon. Transactions of the American Fisheries Society 126:248- 

258. 

De Boer, S. F., Koopmans, S. J., Slangen, J. L., and Van Der Gugten, J. 1990. Plasma 

catecholamine, corticosterone and glucose responses to repeated stress in rats: 

effect of interstressor interval length. Physiology and Behavior 47: 1 1 17- 1 124. 

De Guise, S., Ross, P. S., Osterhaus, A. D. M. E., Martineau, D., BCland, P., and 

Founier, M. 1997. Immune functions in beluga whales (Delphinupterus 

Zeucas): evaluation of natural killer cell activity. Veterinary Immunology and 

Immunopathology 58:345-354. 

Diegez, C., Page, M. D., Scanlon, M. F. 1988. Growth hormone neuroregulation and its 

alterations in disease states. Clinical Endocrinology 28: 109- 143. 

78 



Dierauf, L. A. Stress in marine mammals. 1990. Pages 295-301 in L. A. Dierauf, ed. 

CRC Handbook of Marine Mammal Medicine: Health, Disease, and 

Rehabilitation. CRC Press, Boca Raton. 

Dizon, A. E., Perrin, W. F., and Akin, P. A. 1994. Stocks of dolphins (Stenella spp. 

and Delphinus delphis) in the eastern tropical Pacific: A phylogeographc 

classification. U.S. Department of Commerce NOAA Technical Report NMFS 

No. 119. 20pp. 

Dobson, H., and Smith, R. F. 1995. Stress and reproduction in farm animals. Journal of 

Reproduction and Fertility Supplement 49:45 1-45 1. 

Du Ruisseau, P., Tache, Y., Brazeau, P., and Collu, R. 1979. Effects of chronic 

immobilization stress on pituitary hormone secretion, on hypothalamic factor 

levels, and on pituitary responsiveness to LHRH and TRH in female rats. 

Neuroendocrinology 29: 90-99. 

East, M. L., and Hofer, H. 1996. Wild dogs in the Serengeti. Science 271:275-276. 

East, M. L., Hofer, H., and Burrows, R. 1997. Stress hormones and radiocollaring of 

African wild dogs. Conservation Biology 1 1 : 145 1 - 1453. 

Echternkamp, S. E. 1984. Relationship between LH and cortisol in acutely stressed beef 

cows. Theriogenology 22:305-3 1 1. 

Edwards, E. F. 1992. Energetics of associated tunas and dolphins in the eastern tropical 

Pacific Ocean: A basis for the bond. Fishery Bulletin 90:678-690. 

Edwards, L. M., Rahe, C. H., Griffin, J. L., Wolfe, D. F., Marple, D. N., Cumins ,  K. A., 

Effect of transportation stress on ovarian function in Pitchett, J. F. 

superovulated Hereford heifers. Theriogenology 28:29 1-299. 

1987. 

79 



Edwards, M. J. 1986. Hyperthermia as a teratogen; a review of experimental studies and 

Teratogenesis, Cacinogenesis, and Mutagenesis their clinical significance. 

6: 563-5 82. 

Ehnert, K., and Moberg, G. P. 1991. Disruption of estrous behavior in ewes by 

dexamethasone or management-related stress. Journal of Animal Science 69: 

2988-2994. 

Elsasser, T. H., Steele, N. C., Fayer, R. 1995. Cytokines, stress, and growth modulation. 

Pages 261-290 in M. J. Myers and M. P. Murtaugh (eds.), Cytokines in Animal 

Health and Disease. Marcel Dekker, New York. 

Friedman, S. B., and Ader, R. 1967. Adrenocortical response to novelty and noxious 

stimulation. Neuroendocrinology 2:209-2 12. 

Friend, T H. 1991. Behavioral aspects of stress. Journal of Dairy Science 74:292-303. 

Geraci, J. R., and Medway, W. 1973. Simulated field blood studies in the bottle-nosed 

dolphin Tursiops truncatus. 2. Effects of stress on some hematologic and 

plasma chemical parameters. 9:29-33. 

Geraci, J. R., and St. Aubin, D. J. 1977. Strandings as an opportunity to study stress and 

diseases in wild populations. Abstract, Marine Mammal Stranding Workshop. 

August 10-12, Athens, Georgia. p. 25. 

Geraci, J. R., Testaverde, S. A., St. Aubin, D. J., and Loop, T. H. 1978. A Mass 

Stranding of the Atlantic White-Sided Dolphin, Lagenorhynchus acutus: A 

study into pathobiology and life history. Report for the Marine Mammal 

Commission PB-289 361, Washington, D. C. 155pp. 

Gericke, M.D., Hofheyr, J.M., and Louw, G.N. 1978. The effect of capture stress and 

80 



haloperidol therapy on the physiology and blood chemistry of springbok, 

Antidorcas marsupialis. Madoqua, 1 1( 1):5-18. 

Gerrodette, T., Olson, P., Kinzey, D., Anganuzzi, A., Fiedler, P., and Holland, R. 1998. 

Report of the survey design meeting for estimating abundance of eastern tropical 

Pacific dolphins, 1998-2000. December 17- 1 8, 1997. Southwest Fisheries 

Science Center, National Marine Fisheries Service, NOAA, Administrative 

Report No. LJ-98-03. 25 pp. 

Gibbs, E. P. J., McDiarmid, A., and Rowe, J. J. 1975. Management of deer for 

experimental studies with foot-and-mouth virus. The Veterinary Record 503-506. 

Gindoff, P. R., and Ferin, M. 1987. Endogenous opiod peptides modulate the effect of 

corticotropin-releasing factor on gonadotropin release in the primate. 

Endocrinology 12 1 :837-842. 

Ginsberg, J. R., Alexander, K. A., Creel, S., Kats, P. W., McNutt, J. W., and Mills, M. G. 

L. 1995. Handling and survivorship of African wild dog (Lycaon pictus) in five 

ecosystems. Conservation Biology 9:665-674. 

Goforth, H. W. Jr. 1984. Biochemical and anatomical characteristics of dolphin 

muscles. NOSC Technical Report 940. Naval Oceans Systems Center, San 

Diego, CA 92152. 41 pp. 

Gold, P. W., Gwirtsman, H. E., Avgerinos, P. C., Nieman, L. K. 1986. Abnormal 

hypothalamic-pituitary-adrenal function in anorexia nervosa: pathophysiological 

mechanisms in underweight and weight corrected patients. New England Journal 

of Medicine 3 14: 1335-1 342. 

Gold, P. W., Goodwin, F. K., and Chrousos, G. P. 1988a. Clinical and biochemical 

81 



manifestations of depression: relation to the neurobiology of stress. Part 1. New 

England Journal of Medicine 3 19:348-353. 

Gold, P. W., Goodwin, F. K., and Chrousos, G. P. 1988b. Clinical and biochemical 

manifestations of depression: relation to the neurobiology of stress. Part 2. New 

England Journal of Medicine 3 19:413-420. 

Gosliner, M. L. in press. The tuna-dolphin controversy. Pages 120- 155 in J. R. Twiss 

and R. R. Reeves (eds.), Conservation and Management of Marine Mammals. 

Smithsonian Institution Press, Washington, D. C. 

Gray, J. 1982. The Neuropsychology of Anxiety. Oxford University Press, New York. 

Grew, D., and Stabenfeldt, G. H. 1997. Endocrine glands and their function. Pages 

404-439 in J. G. Cunningham (ed.), Textbook of Veterinary Physiology. W. B. 

Saunders, Philadelphia. 

Guidry, A. J. 1985. Mastitis and the immune system of the mammary gland. Pages 229- 

262 in B. L. Larson (ed.), Lactation. Iowa University Press, Iowa. 

Hadlow, W. J. 1955. Degenerative myopathy in a white-tailed deer, Odocoileus 

virginianus. Cornel1 Veterinarian 45 : 53 8-547. 

Hadlow, W. J. 1973. Myopathies of animals. Page 364-409 in C. M. Pearson and F. K. 

Mostofi (eds.), The Striated Muscle. Williams and Watkins, Baltimore. 

Haigh, J. C., Stewart, R. R., Wobeser, G., and MacWilliams, P. S. 1977. Capture 

myopathy in a moose. Journal of the American Veterinary Association 17 1 :924- 

926. 

Hall, M. A. 1998. An ecological view of the tuna-dolphin problem: impacts and trade- 

offs. Reviews in Fish Biology and Fisheries 8: 1-34. 

82 



Hall, M. A., and Lennert, C. 1993. Estimates of mortality in the eastern tropical Pacific 

Ocean tuna fishery in 199 1. Report of the International Whaling Commission 

43:397-399. 

Hall, M. A., and Lennert, C. 1994. Incidental mortality of dolphins in the eastern Pacific 

Ocean tuna fishery in 1992. Report of the International Whaling Commission 

441349-35 1. 

Hall, M. A., and Lennert, C. 1997. Incidental mortality of dolphins in the eastern Pacific 

Ocean tuna fishery in 1995. Report of the International Whaling Commission 

471641-644. 

Hammond, P. S. 1981. Report on the workshop on tuna dolphin interactions, Managua, 

Nicaragua. Inter-American Tropical Tuna Commission Special Report 4. 

Hampton, I. F. G., and Whittow, G. C. 1976. Body temperature and heat exchange in the 

Hawaiian spinner dolphin, Stenella longirostris. Comparative Biochemistry and 

Physiology 55A: 195- 197. 

Harlow, H. J., Lindzey, F. G., Van Sickle, W. D., and Gem, W. A. 1992. Stress response 

Canadian Journal of Zoology of cougars to non-lethal pursuit by hunters. 

70: 136-139. 

Harthoorn, A. M., Young, E. 1974. A relationship between acid-base balance and capture 

myopathy in zebra (Equus burchelli) and an apparent therapy. The Veterinary 

Record 95: 3 3 7-342. 

Harvey, S., Phillips, J. G., Rees, A., and Hall, T. R. 1984. Stress and adrenal function. 

Journal of Experimental Zoology 232:633-645. 



Hattingh, J. 1988. Comparative quantitation of the physiological response to acute stress 

in impala and roan antelope. Comparative Biochemical Physiology 89A547- 

(( 551. 

Hattingh, J., Pitts, N. I., and Ganhao, M. F. 1988. Immediate response to repeated 

capture and handling of wild impala. The Journal of Experimental Zoology 

248:109-112. 

Hattingh, J., Pitts, N. I., Ganhao, M. F., and Carlston, A. 1990. Physiological response 

to manual restraint of wild impala. The Journal of Experimental Zoology 

253:47-50. 

Hebert, D. M., and Cowan, I. M. 1971. White muscle disease in the mountain goat. 

Journal of Wildlife Management 3 5( 4) : 7 5 2-7 5 6.  

Heimlich-Boran, J. R. 1993. Social Organization of the Short-Finned Pilot Whale, 

Glubicephala macruhynchus, with Special Reference to the Comparative Social 

Ecology of Delphinids. Ph. D. dissertation, University of Cambridge, 

Cambridge. 134 pp. 

Heldstab, A., and Riiedi, D. 1980. The occurrence of myodystrophy in zoo animals at 

the Basle Zoological Garden. Pages 27-34 in R. J. Montali and Migaki, G. The 

Comparative Pathology of Zoo Animals. Symposia of the National Zoological 

Park, Washington, D. C .  

Hemsworth, P. H., Barnett, J. L., and Hansen, C. 1986a. The influence of handling by 

humans on the behaviour, reproduction and corticosteroids of male and female 

pigs. Applied Animal Behavioral Science 15:303-3 14. 

84 



Hemsworth, P. H., Barnett, J. L., Hansen, C., Wingfeld, C. G. 1986b. Effect of social 

environment on welfare status and sexual behaviour of female pigs. I1 Effects 

of space allowance. Applied Animal Behavioral Science 16:259-267. 

Hemsworth, P. H., Barnett, J. L., and Coleman, G. J. 1993. The human-animal 

relationship in agriculture and its consequences for the animal. Animal Welfare 

2133-5 1. 

Hennessy, D. P., and Williamson, P. E. 1983. The effects of stress and ACTH 

administration in hormone profiles, oestrus and ovulation in pigs. 

Thereogenology 20: 13-26. 

Hennessy, J. W., and Levine, S. 1979. Stress, arousal, and the pituitary-adrenal system: 

A psychoendocrine hypothesis. Progress in psychobiology and physiological 

psycho lo^ 8: 133- 178. 

Hennessy, J. W., Levine, R., Levine, S. 1977. Influence of experiential factors and 

gonadal hormones on pituitary-adrenal response to novelty and electric shock. 

Journal of Comparative Physiology and Psychology 9 1 :770-777. 

Hennessy, M. B. 1986. Multiple, brief maternal separations in the squirrel monkey: 

changes in hormonal and behavioral responsiveness. Physiology and Behavior 

36~245-250. 

Hennessy, M. B., Mendoza, S. P., Mason, W. A., and Moberg, G. P. 1995. Endocrine 

sensitivity to novelty in squirrel monkeys and titi monkeys: species differences 

in characteristic modes of responding to the environment. Physiology and 

Behavior 57:331-338. 

85 



Hewitt, R. P. 1985. Reaction of dolphins to a survey vessel: effects on census data. 

Fishery Bulletin 83(2): 187-193. 

Hill, S. D., McComack, S. A., and Mason, W. A. 1973. Effects of artificial mothers and 

visual experience on adrenal responsiveness of infant monkeys. Developmental 

Psychobiology 6:421-429. 

Hinkle, L. E., Jr. 1974. The concept of “stress” in the biological and social sciences. 

International Journal of Psychiatry and Medicine 5:335-357. 

Hodgson, D. R., Davis, R. E., and McConaghy, F. F. 1994. Thermoregulation in the 

horse in response to exercise. British Veterinary Journal 150(3):2 19-235. 

Hokkanen, J. E. I. 1990. Temperature regulation in marine mammals. Journal of 

Theoretical Biology 145:465-485. 

Hortobagyi, T., and Denahan, T. 1989. Variability in creatine kinase: methodological, 

exercise and clinically related factors. International Journal of Sports Medicine. 

10169-80. 

Hulland, T. J. 1985. Muscles and tendons. Pages 139-199 in K. V. F. Jubb, P. C. 

Kennedy, and N. Palmer (eds.), Pathology of Domestic Animals, Volume I. 

Academic Press, New York. 

Inter-American Tropical Tuna Commission. 1997. Annual Meeting. October , 1997. La 

Jolla, CA. 

Janssen, G. M. E., Kuipers, H., Willems, G. M., Does, R. J. M. M., Janssen, M. P. E., 

Guerten, P. 1989. Plasma activity of muscle enzymes: quantification of skeletal 

muscle damage and relationship with metabolic variable. International Journal of 

Sports Medicine 10:60-108. 

86 



Jayo, J. M., Shively, C. A., Kaplan, J. R., Manuck, S. B. 1993. Effects of exercises and 

stress on body fat distribution in male cynomolgus monkeys. 

Journal of Obesity Related Metabolic Disorders 17: 597-604. 

International 

Jefferson, T. J., and Curry, B. E. 1994. Review and Evaluation of Potential Acoustic 

Methods of Reducing or Eliminating Marine Mammal-Fishery Interactions. 

Report for the Marine Mammal Commission PB-100 384, Washington, D. C. 

59PP. 

Jensen, M. M. 1968. The influence of stress on murine leukemia virus infection. 

Proceedings of the Society for Experimental Biology and Medicine 127:6 10-6 14. 

Joasoo, A., and McKenzie, J. M. 1976. Stress and immune response in rats. 

International Archives of Allergy and Applied Immunology 50:659-663. 

Johansson, G., Jonsson, L., Lannek, N., Blomgren, L., Lindberg, P., and Poupa, 0. 1974. 

Severe stress-cardiopathy in pigs. American Heart Journal 87:45 1-457. 

Johnson, B., Welsh, T. H. Jr., and Juniewicz, P E. 1982. Suppression of luteinizing 

hormone and testosterone secretion in bulls following adrenocorticotopin 

hormone treatment. Biology of Reproduction 26:305-3 10. 

Johnson, E. O., Kamilaris, T. C., Chrousos, G. P., and Gold, P. W. 1992. Mechanisms of 

stress: a dynamic overview of hormonal and behavioral homeostsis. 

Neuroscience and Biobehavioral Reviews 16: 1 15- 130. 

Jones, J. H., Taylor, C. R., Lindholm, A., Straub, R., Longworth, K. E., and Karas, R. H. 

1989. Blood gas measurements during exercise: errors due to temperature 

correction. Journal of Applied Physiology 679794384. 

Jonson, K. M., Lyle, J. G., Edwards, M. J., and Penny, R. H. C. 1976. Effects of prenatal 

87 



heat stress on brain growth and serial discrimination reversal learning in the 

guinea pig. Brain Research Bulletin 1 : 133-1 50. 

Joseph, J. 1994. The tuna-dolphin controversy in the eastern Pacific Ocean: biological, 

economic, and political impacts. Ocean Development and International Law 

25: 1-30. 

Juniewicz, P. E., and Johnson, B. H. 1981. Influence of adrenal steroids upon 

testosterone secretion by boar testis. Biology of Reproduction 25:725-733. 

Junqueira, L. C., and Carneiro, J. 1980. Adrenals, islets of Langerhans, thyroid, 

parathyroids, and pineal body. Pages 421-443 in L. C. Junqueira, J. Carneiro, and 

J. A. Long, eds. Basic Histology. Lange Medical Publications, California. 

Jurke, M. H., Czekala, N. M., Lindburg, D. G., and Millard, S. E. 1997. Fecal corticoid 

Zoo Biology metabolite measurement in the cheetah (Acinonyx jubatus). 

16: 133-147. 

Kaplan, S. ,  and Nagareda Shimizu, C. 1963. Effects of cortisol on amino acid in skeletal 

muscle and plasma. Endocrinology 72:267-272. 

Karp, J. D., Moynihan, J. A., and Ader, R. 1997. Psychosocial influences on immune 

responses to HSV-1 infection in BALB/c mice. Brain, Behavior and Immunity 

1 1 :47-62. 

Kaye, W. H., Gwirtsman, H., George, D. T., Ebert, M. H., Jimerson, D. C., Tomai, T. P., 

Chrousos, G. P., Gold, P. W. 1987. Elevated cerebrospinal fluid levels of 

immunoreactive corticortropin-releasing hormone in anorexia nervosa: relation 

to state of nutrition, adrenal function, and intensity of depression. Journal of 

Clinical Endocrinology and Metabolism 64:203-208. 

88 



Keller, S. E., Weiss, J. M., Schleifer, S. J., Miller, N. E., and Stein, M. 1983. Stress- 

induced supression of immunity of adrenalectomized rats. Science 22 1 : 130 1 - 

1304. 

Keller, S. E., Schleifer, S. J., and Demetrikopoulos, M. K. 1991. Stress-induced changes 

in immune function in animals: hypothalamo-pituitary-adrenal influences. Pages 

771-787 in R. Ader, D. L. Felten, and N. Cohen (eds.), Psychoneuroimmunology, 

Second Edition. Academic Press, San Diego. 

Ketten, D. R. 1998. Marine Mammal Auditory Systems: A summary of audiometric 

and anatomical data and its implications for underwater acoustic impacts. U.S. 

Department of Commerce NOAA Technical Memornadum NMFS No. 256. 

74PP. 

Kock, M. D., Clark, R. K., Franti, C. E., Jessup, D. A., and Wehausen, J. D. 1987a. 

Effects of capture on biological parameters in free-ranging bighorn sheep ( h i s  

canadensis): evaluation of normal, stressed and mortality outcomes and 

documentation of postcapture survival. Journal of Wildlife Diseases 23:652- 

662. 

Kock, M. D., Jessup, D. A., Clark, R. K., Franti, C. E., and Weaver, R. A. 1987b. 

Capture methods in five subspecies of free-ranging bighorn sheep: an evaluation 

of drop-net, drive-net, chemical immobilization and the net-gun. Journal of 

Wildlife Diseases 23(4):634-640. 

Koroshetz, W. J., and Bonventure, J. V. 1994. Heat shock response in the central 

nervous system. Experientia 50: 1085- 109 1. 

89 



Knight, J. W., Kattesh, H. G., and Gwazdauskas, F. C., Thomas, H. R., and Korengay, E. 

T. 1982. Peripheral testosterone in boars after administration of hCG, ACTH 

and testosterone at three ages. Theriogenology 17:383-392. 

Krieger, D. 1982. Cushing’s Syndrome. Vol 22. Monographs in endocrinology. 

Berlin, Springer-Verlag. 

Kuhn, C. M., Pauk, J., Schanberg, S. M. 1990. Endocrine responses to mother-infant 

separation in developing rats. Developmental Psychobiology 23:395-4 10. 

Kuiken, T., Hofle, U., Bennett, P. M., Allchin, C. R., Baker, J. R., Appleby, E. C., 

1993. Adrenocortical Lockyer, C. H, Walton, M. J., and Sheldrick, M. C. 

hyperplasia, disease and chlorinated hydrocabons in the harbour porpoise 

(Phcoena phocoena). Marine Pollution Bulletin 26:440-446. 

Lair, S., BCland, P., De Guise, S., and Martineau, D. 1997. Adrenal hyperplastic and 

degenerative changes in beluga whales. Journal of Wildlife Diseases 430-437. 

Larsson, K., and Einarsson, S. 1984. Seminal changes in boars after heat stress. Acta 

Veterinaria Scandinavica 2557-66. 

Lennert, C., and Hall, M. A. 1995. Estimates of mortality of dolphins in the eastern 

tropical Pacific Ocean tuna fishery in 1993. Report of the International Whaling 

Commission 45:387-391. 

Lennert, C., and Hall, M. A. 1996. Estimates of incidental mortality of dolphins in the 

Eastern Pacific Ocean tuna fishery in 1994. Report of the International Whaling 

Commission. 46: 5 5 5-565. 

Lennert, C., and Hall, M. A. 1997. Incidental mortality of dolphins in the eastern Pacific 

90 



Ocean tuna fishery in 1996. 

International Whaling Commission. SC/49/SM1 , 12 pp. 

Report of the Scientific Committee of the 

Levine, S. 1985. A definition of stress? Pages 27-48 in G. P. Moberg (ed.). Animal 

Stress. American Physiological Society, Bethesda, MD. 

Levine, S. 1993. The influence of social factors on the response to stress. Psychotherapy 

and Psychosomatics 60: 33-38. 

Levine, S., and Weiner, S. G., 1989. Coping with uncertainty: a paradox. Pages 1-16 in 

D. S. Palermo (ed.), Coping With Uncertainty: Behavioral and Developmental 

Perspectives. Erlbaum, Hillsdale. 

Levine, S, and Ursin, H. 1991 What Is Stress? Pages 3-22 in M. R. Brown, G. F. Koob 

and C. Rivier (eds.). Stress: neurobiology and neuroendocrinology. Marcel 

Dekker, New York. 

Levine, S., Huchton, D. M., Wiener, S. G., and Rosenfeld, P. 1991. Time course of the 

effect of maternal deprivation on the hypothalamic-pituitary-adrenal axis in the 

infant rat. Developmental Psychobiology 24547-558. 

Lewis, J. W., Cannon, J. T., and Liebeskind, J. C. 1980. Opioid and nonopioid 

mechanisms of stress analgesia. Science 208:623-625. 

Lewis, R. J., Chalmers, G. A., Barrett, M. W., and Bhatnagar, R. 1977. Capture 

myopathy in elk in Alberta, Canada: a report of three cases. Journal of the 

American Veterinary Association 17 1 :927-932. 

Liptrap, R. M. 1970. Effect of corticotrophin and corticosteroids on oestrus, ovulation 

and oestrogen excretion in the sow. Journal of Endocrinology 47: 197-205. 

91 



Liptrap, R. M., and McNally, P. J. 1976. Steroid concentration in sows with 

corticotopin-induced cystic ovarian follicles and the effect of prostaglandin Fza 

and indomethacin given by intrauterine injection. American Journal of 

Veterinary Research 37 : 369-375. 

Liptrap, R. M., and Raeside, J. I. 1975. Increase in plasma testosterone concentration 

after injection of adrenocorticotrophin into the boar. Journal of Endocrinology 

66:123-131. 

Lo, N. C. H., and Smith, T. D. 1986. Incidental mortality of dolphins in the eastern 

tropical Pacific, 1959-72. Fishery Bulletin 84:27-33. 

Loucks, A. B., Mortola, J. F., Girton, L., and Yen, S. C. 1989. Alterations in the 

hypothalamic-pituitary-ovarian and the hypothalamic-pituitary-adrenal axes in 

athletic women. Journal of Clinical Endocrinology and Metabolism 68:402-411. 

Luger, A., Deuster, P., and Kyle, S. B. 1987. Acute hypothalmic-pituitary-adrenal 

responses to stress of treadmill exercise: physiologic adaptations to physical 

training. New England Journal of Medicine 3 16: 1309- 1 3 1 5.  

Lunt, D. W. R., and Rose, A. G. 1987. Pathology of the human heart in drowning. 

Archives of Pathology and Laboratory Medicine 1 1 1 :939-942. 

Lyons, D. M., Price, E. O., and Moberg, G P. 1988a. Individual differences in 

temperament of domestic dairy goats: constancy and change. Animal Behaviour 

36:1323-1333. 

Lyons, D. M., Price, E. O., and Moberg, G. P. 1988b. Social modulation of pituitary- 

adrenal responsiveness and individual differences in behavior of young 

domestic goats. Physiology and Behavior 43:45 1-458. 

92 



MacDougall, J. D., Reddan, W. G., Layton, C. R., and Dempsy, J. A. 1974. Effects of 

metabolic hyperthermia on performance during heavy prolonged exercise. 

Journal of Applied Physiology 36538-544. 

MacLennan, A.J., Drugan, R.C., Hyson, R.L., and Maier, S.F. 1982. Corticosterone: a 

critical factor in an opioid form of stress-induced analgesia. Science 2 15: 1530- 

1532. 

Madden, K. S., Sanders, V. M., and Felten, D. L. 1995. Catecholamine influences and 

sympathetic neural modulation of immune responsiveness. Annual Review of 

Pharmacology and Toxicology 35:417-448. 

Marschang, F. 1973. Heat stress and animal performance in industrialised breeding and 

management systems. Veterinary Medical Review 3: 195-2 14. 

Mason, J. W. 1968a. A review of psychoendocrine research on the pituitary-adrenal 

cortical system. Psychosomatic Medicine 30576-607. 

Mason, J. W. 1968b. “Over-all” hormonal balance as a key to endocrine organization. 

Psychosomatic Medicine 30:79 1-808. 

Mason, J. W. 1975. Emotion as reflected in patterns of endocrine integrations. Pages 

Their parameters and measurements. 143-181 in L. Levi (ed.), Emotions: 

Raven, New York. 

Matteri, R. L., and Moberg, G. P. 1982. Effect of cortisol or adrenocorticotrophin on 

release of luteinizing hormone induced by luteinizing hormone releasing 

hormone in the dairy heifer. Journal of Endocrinology 92: 14 1 - 146. 



Maule, A. G., Tripp, R. A., Kaattari, S. L., and Schreck, C. B. 1989. Stress alters 

immune function and disease resistance in chinool salmon (Oncorhynchus 

tshawytscha). Journal of Endocrinology 120: 135- 142. 

McEwen, B. S., Biron, C. A., Brunson, K. W., Bulloch, K., Chambers, W. H., Dhabhar, 

F. S., Goldfarb, R. H., Kitson, R. P., Miller, A. H., Spencer, R. L., and Weiss, J. 

M. 1997. The role of adrenocorticoids as modulators of immune function in 

health and disease: neural, endocrine and immune interactions. Brain Research 

Reviews 23:79-199. 

Medway, W., Geraci, J. R., and Klein, L. V. 1970. Hematologic response to 

administration of a corticosteroid in the bottle-nosed dolphin (Tursiops 

truncatus). Journal of the American Veterinary Medical Association 157563- 

565. 

Mendoza, S. P., Smotherman, W. P., Miner, M. T., Kaplan, J., and Levine, S. 1978. 

Pituitary adrenal response to separation in mother and infant squirrel monkeys. 

Developmental Psychobiology 1 1 : 169-1 75. 

Millar, J. S. 1977. Adaptive features of mammalian reproduction. Evolution 3 1 :370- 

386. 

Minton, J. E., and Blecha, F. 1990. Effect of acute stressors on endocrinological and 

immunological functions in lambs. Journal of Animal Science 68:3 145-3 15 1. 

Minton, J. E., Coppinger, T. R., Reddy, P. G., Davis, W. C., and Blecha, F. 1992. 

Repeated restraint and isolation stress alters adrenal and lymphocyte functions 

and some leukocyte differentiation antigens in lambs. 

Science 70:1126-1132. 

Journal of Animal 

94 



Minton, J. E., Apple, J. K., Parsons, K. M., and Blecha, F. 1995. Stress-associated 

concentrations of plasma cortisol cannot account for reduced lymphocyte 

function and changes in serum enzymes in lambs exposed to restraint and 

isolation stress. Journal of Animal Science 73:8 12-8 17. 

Mizrock, B. 1995. Alterations in carbohydrate metabolism during stress; a review of the 

literature. American Journal of Medicine 98:75-84. 

Moberg, G. P. 1976. Effects of environment and management stress on reproduction in 

the dairy cow. Journal of Dairy Science 59: 16 1 8- 1624. 

Moberg, G. P. 1985. Biological response to stress: key to assessment of animal well- 

being. Pages 27-48 in G. P. Moberg (ed.), Animal Stress. American 

Physiological Society, Bethesda, MD. 

Moberg, G. P. 1987a. Problems in defining stress and distress in animals. Journal of the 

American Veterinary Medical Association 19 1 : 1207- 12 1 1. 

Moberg, G. P. 1987b. A model for assessing the impact of behavioral stress of domestic 

animals. Journal of Animal Science 65: 1228- 1235. 

Moberg, G. P. 1987c. Influence of the adrenal axis upon the gonads. Oxford Reviews of 

Reproductive Biology 9:456-496. 

Moberg, G. P. 1991. How behavioral stress disrupts the endocrine control of 

reproduction in domestic animals. Journal of Dairy Science 74: 304-3 1 1. 

Moberg, G. P. 1996. Suffering from stress: an approach for evaluating the welfare of an 

animal. Animal Science 27: 46-49. 

Moberg, G. P., Anderson, C. O., and Underwood, T. R. 1980. Ontogeny of the adrenal 

95 



and behavioral responses of lambs to emotional stress. Journal of Animal Science 

5 1 : 138- 142. 

Moberg, G. P., Watson, J. G., and Hayashi, K. T. 1982. Effects of adrenocorticotropin 

treatment on estrogen, luteinizing hormone and progesterone secretion in the 

female rhesus monkey. Journal of Medicine and Primatology 1 1 :235-241. 

Monjan, A. A., and Collector, M. I. Stress-induced modulation of the immune response. 

Science 196:307-308. 

Munck, A., and Guyre, P. M. 1986. Glucocorticoid hormones in stress: physiological 

and pharmacological actions. News in Physiological Science 1 :69-72. 

Munck, A., and Guyre, P. M. 1991. Glucocorticoids and immune function. Pages 447- 

474 in R. Ader, D. L. Felten, and N. Cohen (eds.), Psychoneuroimmunology, 

Second Edition. Academic Press, San Diego. 

Munck, A., Guyre, P. M., and Holbrook, N. J. 1984. Physiological functions of 

glucocorticoids in stress and their relation to pharmacological actions. 

Endocrine Reviews 5( 1):25-44. 

Myrick, A. C., Jr., and Perkins, P. C. 1995. Adrenocortical color darkness and correlates 

as indicators of continuous acute premortem stress in chased and purse-seine 

captured male dolphins. Pathophysiology 2: 19 1-204. 

National Research Council. 1992. Dolphins and the Tuna Industry. National Academy 

Press, Washington, DC. 176 pp. 

Niezgoda, J., Wronska, D., Pierzchala, K., Bobek, S., and Kahl, S. 1987. Lack of 

adaptation to repeated emotional stress evoked by isolation of sheep from the 

flock. Journal of Veterinary Medical Association series A 34:734-739. 

96 



Noakes, T. D. 1987. Effect of exercise on serum enzymes activities in humans. Sports 

Medicine 4:245-267. 

Norman, R. L., McGlone, J., and Smith, C. J. 1994. Restraint inhibits luteinizing 

hormone secretion in the follicular phase of the menstrual cycle in Rhesus 

macaques. Biology of Reproduction 50: 16-26. 

Norris, K. S., and Dohl, T. P. 1980a. The behavior of the Hawaiian spinner dolphin, 

Stenella longirostris. Fishery Bulletin 77:82 1-849. 

Norris, K. S., and Dohl, T. P. 1980b. The structure and functions of cetacean schools. 

Pages 21 1-261 in L. M. Herman (ed.), Cetacean Behavior: 

Functions. Wiley Inter-Science, New York. 

Mechanisms and 

Norris, K. S., and Johnson, C. M. 1994. Schools and schooling. Pages 232-242 in K. S. 

Norris, B. Wiirsig, R. S. Wells, and M. Wursig (eds.), The Hawaiian Spinner 

Dolphin. University of California Press, Berkeley. 

Norris, K. S., Stuntz, W. E., and Rogers, W. 1978. The behavior of porpoises and tuna 

in the eastern tropical Pacific yellowfin tuna fishery - preliminary studies. Marine 

Mammal Commission MMC-76/12. 86 pp. 

O’Byrne, K. T., Lunn, S. F., and Dixson, A. F. 1988. Effects of acute stress on the 

patterns of LH secretion in the common marmoset (Cullithrix jacchus). Journal 

of Endocrinology 1 18:259-264. 

Ofiedal, 0. T. 1985. Pregnancy and lactation. Pages 215-238 in R. J. Hudson and R. G. 

White (ed.s), Bioenergetics of Wild Herbivores. CRC Press, Florida. 

97 



Ono, N., Lumpkin, M. D., Samson, W. K., McDonald, J. K., and McCann, S. M. 1984. 

Intrahypothalamic action of corticotropin-releasing factor (CRF) to inhibit 

growth hormone and LH release in the rat. Life Sciences 35:1117-1123. 

Orlov, M. V., Mukhlya, A. M., Kulikov, N. A. 1988. Hormonal indices in the bottle- 

nosed dolphin in the norm and in the dynamics of experimental stress. Zhurnal 

Evolyutsionnoi Biokhimii I Fiziologii 24:43 1-436. 

Pasqualli, R., Cantobelli, S., Casimitri, F., Capelli, M., Bortoluzzi, L., Flamia, R., Labate, 

A. M. M., and Barbara, L. 1993. The hypothalamic-pituitary-adrenal axis in 

obeses women with diff'erent patterns of fat distribution. Journal of Clinical 

Endocrinology and Metabolism 77:341-346. 

Perkins, P. C., and Edwards, E. F. 1997. Capture rate as a function of school size in 

offshore spotted dolphins in the eastern tropical Pacific. Southwest Fisheries 

Science Center, National Marine Fisheries Service, NOAA, Administrative 

Report No. LJ-97-03. 36pp. 

Perrin, W. F. 1969. Using porpoise to catch tuna. World Fishing 18(6):42-45. 

Perrin, W. F., and Gilpatrick, J. W. Jr. 1994. Spinner dolphin Stenella longirostris 

(Gray, 1828). Pages 99-128 in S .  H. Ridgway and R. J. Harrison (eds.), Handbook 

of Marine Mammals, Volume 5. Academic Press, San Diego. 

Perrin, W. F, and Henderson, J. R. 1984. Growth and reproductive rates in two 

populations of spinner dolphins, Stenella longirostris, with different histories of 

exploitation. Report of the International Whaling Commission Special Issue 

6~417-430. 

Perrin, W. F., and Hohn, A. A. 1994. Pantropical spotted dolphin Stenella attenuatu. 

98 



Pages 71-98 in S. H. Ridgway and R. J. Harrison (eds.), Handbook of Marine 

Mammals, Volume 5. Academic Press, San Diego. 

Perrin, W. F., and Reilly, S. B. 1984. Reproductive parameters of dolphins and small 

whales of the family Delphinidae. Report of the International Whaling 

Commission Special Issue 6:97- 133. 

Perrin, W. F., Coe, J. M., and Zweifel, J. R. 1976. Growth and reproduction of the 

spotted porpoise, Stenella attenuata, in the offshore eastern tropical Pacific. 

Fishery Bulletin 74:229-269. 

Perrin, W. F., Holts, D. B., and Miller, R. B. 1977. Growth and reproduction of the 

eastern spinner dolphin, a geographic form of Stenella longirostris in the eastern 

tropical Pacific Fishery Bulletin 75:725-750. 

Perrin, W. F., Scott, M. D., Walker, G. J., and Cass, V. L. 1985. Review of 

geographical stocks of tropical dolphins (Stenella spp. and Delphinus delphis) in 

the eastern tropical Pacific. U.S. Department of Commerce NOAA Technical 

Report NMFS No. 28. 28 pp. 

Perrin, W. F., Akin, P. A., and Kashiwada, J. V. 1991. Geographic variation in external 

morphology of the spinner dolphin Stenella longirostris in the eastern Pacific and 

implications for conservation. Fishery Bulletin 89:4 1 1-428. 

Petraglia, F., Vale, W., and Rivier, C. 1986. Opiods act centrally to modulate stress- 

induced decrease in luteinizing hormone in the rat. Endocrinology. 1 19:2445- 

2450. 
-, 

Peyser, M. R., Ayalon, D., Harell, A., Toaff, R., and Cordova, T. 1973. Stress induced 

delay of ovulation. Obstetrics and Gynecology 42:667-67 1. 

99 



Pitzel, L., Fenske, M., Holtz, W, and Konig, A. 1979. Corticotrophin-induced testicular 

Acta Endocrinology testosterone release in the Gottingen miniature pig. 

Copenhagen Supplement 225:94. 

Powel, G. F., Brasel, J. A., Blizzard, R. M. 1967. Emotional deprivation and growth 

retardation stimulating idiopathic hypopituitarism. Clinical evaluation of the 

syndrome. New England Journal of Medicine. 276: 1271 -1278. 

Pryor, K., and Kang Shallenberger, I. 1991. Social structure in spotted dolphins 

(Stenella attenuata) in the tuna purse seine fishery in the eastern tropical 

Pacific. Pages 161-196 in K. Pryor and K. S .  Norris (eds.), Dolphin Societies, 

Discoveries and Puzzles. University of California Press, Berkeley. 

Raab, W., Bajusz, E., Kimura, H., and Herrlich, H. C. 1968. Isolation, stress, myocardial 

electrolytes, and epinephrine cardiotoxicity in rats. Proceedings of the Society 

for Experimental Biology and Medicine 127( 1): 142- 147. 

Rabin, D., Gold, P. W., Margioris, A. N., and Chrousos, G. P. 1988. Stress and 

reproduction: physiologic and pathophysiologic interactions between the stress 

and reproductive axes. Pages 377-387 in G. P. Chrousos, L. Loriaux, and P. W. 

Gold (eds.), Mechanisms of Physical and Emotional Stress. Plenum Press, New 

York. 

Reichenbach, D., and Benditt, E. P. 1970. Catecholamines and cardiomyopathy: the 

pathogenesis and potential importance of myofibrillar degeneration. 

Pathology 1:125-150. 

Human 

Richardson, W. J., Greene, C. R. Jr., Malme, C. I., and Thomson, D. H. 1995. Marine 

Mammals and Noise. Academic Press, San Diego. 576 pp. 

100 



Ridgway, S .  H., and Patton, G. S. 197 1. Dolphin thyroid: some anatomical findings. 

Vergleichende Physiology 7 1 : 129- 14 1. 

Riley, V. 198 1. Psychoneuroendocrine influences on immunocompetence and neoplasia. 

Science 212:llOO-1109. 

Rivier, C., and Rivest, S. 1991. Effect of Stress on the activity of the hypothalmic- 

pituitary-gonadal-axis: peripheral and central mechanisms. Biology of 

Reproduction 45523-532. 

Rivier, C., and Vale, W. 1983. Modulation of stress-induced ACTH release by CRF, 

catecholamines and vassopressin. Nature 305:325-327. 

Rivier, C., and Vale, W. 1984. Influence of corticotropin-releasing factor on 

reproductive functions in the rat. Endocrinology 1 14:9 14-92 1. 

Rivier, C., and Vale, W. 1985. Involvement of corticotropin-releasing factor and 

somatoststin in stress-induced inhibition of growth hormone secretion in the rat. 

Endocrinology 117:2478-2482. 

Rivier, C., Rivier, J., and Vale, W. 1986. Stress-induced inhibition of reproductive 

functions: role of endogenous corticotropin-releasing factor. Science 23 1 :607- 

609. 

Romano, T. A. 1993. Neural-Immune Interactions in the Beluga Whale, Delphinapterus 

leucas. Ph.D. dissertation, University of Rochester, Rochester. 

Romano, T. A., Ridgway, S. H., and Quaranta, V. 1992. MHC class 11 molecules and 

immunoglobulins on peripheral blood lymphocytes of the bottlenose dolphin, 

Tursiops truncatus. Journal of Experimental Zoology 263:96- 104. 

101 



Romano, T. A., Felten, S. Y., Olschowka, J. A., and Felten, D. L. 1993. A microscopic 

investigation of the lymphoid organs of the beluga, Delphinapterus leucas. 

2 151261-287. 

Romano, T. A., Felten, S. Y., Olschowka, J. A., and Felten, D. L. 1994. Noradrenergic 

and peptidergic innervation of lymphoid organs in the beluga, Delphinapterus 

leucas: an anatomical link between the nervous and immune systems. Journal 

of Morphology 22 11243-259. 

Romano, T. A., Ridgway, S. H., Felten, D. L., and Quaranta, V. in press. Molecular 

cloning and characterization of CD4 in an aquatic mammal, the white whale 

Delphinapterus leucas. Immunogenetics 49. 

Rornmel, S. A., Pabst, D. A., McLellan, W. A., Mead, J. G., and Potter, C. W. 1992. 

Anatomical evidence for a countercurrent heat exchanger associated with 

dolphin testes. Anatomical Record 232( 1): 150-1 56. 

Rornmel, S. A., Pabst, D. A., and McLellan, W. A. 1993. Functional morphology of the 

Anatomical Record vascular plexuses associated with the cetacean uterus. 

237(4): 53 8-546. 

Rosenfeld, P., Wetmore, J. B., and Levine, S. 1992. Effects of repeated maternal 

separations on the adrenocortical response to stress of preweanling rats. 

Physiology and Behavior 52: 787-791. 

Sadleir, R. M. F. S. 1984. Ecological consequences of lactation. Acta Zoologica 

Fennica 17 1 179-1 82. 

Sapolsky, R. M. 1985. Stress-induced suppression of testicular function the wild 

baboon: role of glucocorticoids. Endocrinology 1 16:2273-2278. 

102 



Sapolsky, R. M. 1987a. Stress, social status, and reproductive physiology in free-living 

baboons. Pages 291 -322 in D. Crews (ed.), Psychobiology of Reproductive 

Behavior: An evolutionary perspective. Prentice-Hall, New Jersey. 

Sapolsky, R. 1987b. Interleukin- 1 stimulates the secretion of hypothalamic 

corticotropin-releasing factor. Science 238:522-524. 

Sapolsky, R. M. 1998. Why Zebras Don't Get Ulcers: An updated guide to stress, 

stress-related diseases, and coping. Freeman, New York. 434 pp. 

Schanberg, S. M., and Kuhn, C. M. 1980. Maternal deprivation: an animal model of 

psychosocial dwarfism. Pages 372-393 in E. Usdin, T. L. Squrkes, and M. B. 

H. Youdim (eds.), Enzymes and Neurotransmitters in Mental Disease. John 

Wiley and Sons, New York. 

Schanberg, S. M., and Field, T. M. 1988. Maternal deprovation and supplemental 

stimulation. Pages 3-25 in T. M. Field, P. M. McCabe, and N. Schneiderman, 

(eds.), Stress and Coping Across Development. Erlbaum, New Jersey. 

Scholander, P. F., and Scheville, W. 1955. Counter-current vascular heat exchange in 

the fins of whales. Journal of Applied Physiology 8:279-282. 

Schreck, C. B. 1998. Accumulation and long-term effects of stress. Abstract, Biology 

of Animal Stress: Implications for Animal Well-Being, 16- 19 August, 1998, 

Davis, California. 

Schreck, C. B., Fitzpatrick, M. S., Feist, G. W., Yeoh, C-G. 1991. Steroid 

developmental continuum between mother and offspring. Pages 256-258 in A. 

P. Scott, J. P. Sumpter, D. E. Kime, and M. S. Rolfe (eds.), Proceedings of the 



Fourth International Symposium on the Reproductive Physiology of Fish. Fish 

Symposium 199 1 , Sheffield. 

Scott, M. D., and Cattanach, K. L. 1998. Diel patterns of pelagic dolphins and tunas in 

the eastern Pacific. Marine Mammal Science 14:401-428. 

Selye, H. 1936. A syndrome produced by diverse nocuous agents. Nature 138:32. 

Selye, H. 1950. Stress: A treatise based on the concepts of the general-adaption- 

syndrome and the diseases of adaptation. Acta Medical Publishers, Montreal. 

822pp. 

Selye, H. 1973. The evolution of the stress concept, American Scientist 61:692-699. 

Sevenbergen, K. L. 1997. Abnormal behavior in dolphins chased and captured in the 

ETP tuna fishery: Learned or stress-induced behavior? M. S. thesis, University 

of California, San Diego. 1 10 pp. 

Shavit, Y., Lewis, J. W., and Terman, G. W. 1991. Opioid peptides mediate the 

suppressive effect of stress on natural killer cell cytotoxicity. Science 223: 188- 

190. 

Siitiri, P. K., Murai, J. T., Hammond, G. L., Nisker, J. A., Raymoure, W. J., and Kuhn, R. 

W. 1982. The serum transport of steroid hormones. Recent Progress in 

Hormone Research 38:457-510. 

Sirinathsinghji, D. J. S., Rees, L. H., Rivier, J., and Vale, W. 1983. Corticotropin- 

releasing factor is a potent inhibitor of sexual receptivity in the female rat. 

Nature 305:232-235. 

Smith, T. D. 1983. Changes in size of three dolphin (Stenella spp.) populations in the 

eastern tropical Pacific. Fishery Bulletin 8 1 : 1 - 13. 

104 



Sowers, J. R., Rice, B. F., and Blanchard, S. 1979. Effect of dexamethasone on 

luteinizing hormone and follicle stimulating hormone responses to LHRH and 

to clomiphene in the follicular phase of women with normal menstrual cycles. 

Hormone Metabolism Research 1 1 :478-480. 

Spraker, T. R. 1993. Stress and capture myopathy in artiodactylids. Pages 481-488 in 

M. E. Fowler (ed.), Zoo and Wild Animal Medicine. W. B. Saunders, 

Philadelphia. 

Spraker, T. R., Adrian, W. J., Lance, W. R. 1987. Capture myopathy in wild turkeys 

(MeZeagris gallopavo) following trapping, handling and transportation in 

Colorado. Journal of Wildlife Diseases 23:447-453. 

St. Aubin, D. J., and Geraci, J. R. 1986. Adrenocortical function in pinnipeds 

hyponatremia. Marine Mammal Science 2:243-250. 

St. Aubin, D. J., and Geraci, J. R. 1988. Capture and handling stress suppresses 

circulating levels of thyroxine (T4) and triiodothyronine (T3) in beluga whales 

Delphinapterus Zeucas. 6 1 : 170- 175. 

St. Aubin, D. J., and Geraci, J. R. 1989. Adaptive changes in hematologic and plasma 

chemical constituents in captive beluga whales, Delphinapterus Zeucas. 

Canadian Journal of Fisheries and Aquatic Sciences 46:796-803. 

St. Aubin, D. J., and Geraci, J. R. 1990. Adrenal responsiveness to stimulation by 

adrenocorticotropic hormone (ACTH) in captive beluga whales, Delphinapterus 

leucas. In T. G. Smith, D. J. St. Aubin, and J. R. Geraci (eds.), Advances in 

Research on the Beluga Whale, Delphinapterus Zeucas. Canadian Journal of 

Fisheries and Aquatic Sciences 224: 149-157. 



St. Aubin, D. J., and Geraci, J. R. 1992. Thyroid hormone balance in beluga whales, 

Delphinapterus leucas: dynamics after capture and influence of thryotopin. 

Canadian Journal Veterinary Research 56: 1-5. 

St. Aubin, D. J., Geraci, J. R., and Shewen, P. E. 1990. Assessment of immunological 

function in captive beluga whales, Delphinapterus leucas: humoral response to 

sheep red blood cell antigens. In T. G. Smith, D. J. St. Aubin, and J. R. Geraci 

(eds.), Advances in Research on the Beluga Whale, Delphinapterus leucas. 

Canadian Journal of Fisheries and Aquatic Sciences 224: 1 59- 164. 

St. Aubin, D. J., Ridgway, S. H., Wells, R. S., and Rhinehart, H. 1996. Dolphin thyroid 

and adrenal hormones: circulating levels in wild and semi-domesticated 

Tursiops truncutus, and influence of sex, age, and season. Marine Mammal 

Science 12:l-13. 

Stockwell, C. A., Bateman, G. C., and Berger, J. 1991. Conflicts in national parks: a 

case study of helicopters and bighorn sheep time budgets at the Grand Canyon. 

Biological Conservation 56:3 17-328. 

Stoebel, D. P., and Moberg, G. P. 1982. Effect of adrenocorticotropin and cortisol on 

luteinizing hormone surge and estrus behavior of cows. Journal of Dairy 

Science 65: 1016-1024. 

Stone, B. A. 1981. Heat induced infertility of boars: the inter-relationship between 

depressed sperm output and fertility and an estimation of the critical air 

temperature above which sperm output is impaired. American Reproduction 

Science. 4:283-299. 

106 



Stratakis, C. A., and Chrousos, G. P. 1995. Neuroendocrinology and pathophysiology of 

the stress system. Pages 1-18 in G. P. Chrousos, R. McCarty, Paca ,  K., Cizza, 

G., Sternberg, E., Gold, P. W., and Kvetnansky, R. (eds.), Stress, Basic 

Mechanisms and Clinical Implications. Vol. 771, Annals of the New York 

Academy of Sciences, New York. 

Stratakis, C. A., Gold, P. W., and Chrousos, G. P. 1995. Neuroendocrinology of stress: 

implications for growth and development. Hormone Research 43: 162-1 67. 

Stuntz, W. E., and Shay, T. B. 1979. Report on Capture Stress Workshop. Southwest 

Fisheries Science Center, National Marine Fisheries Service, NOAA, 

Administrative Report No. LJ-79-28. 23 pp. 

Suchecki, D., Mozaffiu-ian, D., Gross, G., Rosenfeld, P., and Levine, S. 1993. Effects of 

maternal deprivation on the ACTH stress response in the infant rat. 

Neuroendocrinology 57: 204-2 12. 

Thomas, J. A., Kastelein, R. A., and Awbrey, F. T. 1990. Behavior and blood 

catecholamines of captive belugas during playbacks of noise from an oil drilling 

platform. Zoo Biology 9(5):393-402. 

Thomson, C. A., and Geraci, J. R. 1986. Cortisol, aldosterone, and leucocytes in the 

stress response of bottlenose dolphins, Tursiops truncatus. Canadian Journal of 

Fisheries and Aquatic Sciences 43 : 10 10- 10 16. 

Turnbull, B. S., and Cowan, D. F. 1998. Myocardial contraction band necrosis in 

stranded cetaceans. Journal of Comparative Pathology 1 18:3 17-327. 

Tumer, A. I., Hemsworth, P. H., Hughes, P. E., and Tilbrook, A. J. 1998. Repeated 

acute activation of the hypothalamo-pituitary adrenal axis prior to and during 

107 



estrus did not affect reproductive performance in gilts. Biology of 

Reproduction 58: 1458-1462. 

Vale, W., Speiss, J., Rivier, C., and Rivier, J. 1981. Characterization of a 41 residue 

ovine hypothalamic peptide that stimulates secretion of corticotropin and p- 

endorphin. Science 213:1394-1397. 

Vassart, M., Greth, A., Anagariyah, S., and Mollet, F. 1992. Bichemical parameters 

Journal following capture myopathy in one Arabian oryx (Oryx leucoryx). 

Veterinary Medical Science 54:1233-1235. 

Volfinger, L., Lassourd, V., Michaux, J.M., Braun, J. P., and Toutain, P. L. 1994. 

Kinetic evaluation of muscle damage during exercise by calculation of amount 

of creatine kinase released. American Journal of Physiology 266 (Regulatory 

Integrative Comparative Physiology) R434-R44 1 . 

Wade, P. R. 1995. Revised estimates of incidental kill of dolphins (Delphinidae) by the 

purse-seine tuna fishery in the eastern tropical Pacific, 1959- 1972. 

Bulletin 93:345-354. 

Fishery 

Wade, P. R., and Gerrodette, T. 1993. Estimates of cetacean abundance and distribution 

in the eastern tropical Pacific. Report of the International Whaling Commission 

43:477-493. 

Wallace, R. S., Bush, M., and Montali, R. J. 1987. Deaths from exertional myopathy at 

the national zoological park from 1975 to 1985. Journal of Wildlife Diseases 

23:454-462. 

Webster, E. L., Elenkov, I. J., and Chrousos, G. P. 1997. The role of corticotropin- 

108 



releasing hormone in neuroendocrine-immune interactions. Molecular Psychiatry 

2:368-372. 

Webster, E. L., Torpy, D. J., Elenkov, I. J., and Chrousos, G. P. 1998. Corticotropin- 

releasing hormone and inflammation. Annals New York Academy of Sciences 

840:2 1-32. 

Weiner, S. G., Bayart, F., Faull, K. F., and Levine, S. 1990. Influence of maternal 

proximity on behavioral and physiological responses to maternal separation in 

infant Rhesus monkeys (Mucaca muluttu). Behavioral Neuroscience 104:98- 

107. 

Weiss, J. M., Sundar, S. K., Becker, K. J., and Cierpial, M. A. 1989. Behavioral and 

neuronal influences on cellular immune responses: effects of stress and 

interleukin- 1. Journal of Clinical Psychiatry 50:43-53. 

Wells, R. S., and Norris, K. S. 1994. Patterns of reproduction. Pages 186-200 in K. S. 

Norris, B. Wursig, R. S. Wells, and M. Wiirsig (eds.), The Hawaiian Spinner 

Dolphin. University of California Press, Berkeley. 

Welsh, R. M., Brubaker, J. O., Vargas-Cortes, M., O’donnell, C. L. 1991. Natural killer 

(NK) cell response to virus infection with severe combined immunodeficiency. 

The stimulation of NK cells and the NK cell-dependent control of virus 

infections occur independently of T and B cell function. Journal of 

Experimental Medicine 173: 1053-1063. 

Welsh, T. H., Jr., and Johnson, B. H. 1981. Stress-induced alterations in secretion of 

corticosteroids, progesterone, luteinizing hormone, and testosterone in bulls. 

Endocrinology 109: 185- 190. 

109 



Whittow, G. C. 1987. Thermoregulatory adaptations in marine mammals: interacting 

effects of exercise and body mass. A review. Marine Mammal Science 3:220- 

241. 

Williams, E. S., and E. T. Thorne. 1996. Exertional myopathy (capture myopathy). 

Pages 181-193 in A. Fairbrother, L. N. Locke, and Hoff, G. L., eds. 

Noninfectious diseases of wildlife. 2nd edition. Iowa State University Press, 

Ames. 

Williams, T. D., and Pulley, L. T. 1983. Hematology and blood chemistry in the sea 

otter (Enhydra lutris). Journal of Wildlife Diseases 19:44-47. 

Williams, T. M., Friedl, W. A., Fong, M. L., Yamada, R. M., Sedivy, P., and Haun, J. E. 

1992. Travel at low energetic cost by swimming and wave-riding bottlenose 

dolphins. Nature 355: 82 1-823. 

Wobeser, G., Bellamy, J. E. C., Boysen, B. G., MacWilliams, P. S., and Runge, W. 

1976. Myopathy and myoglobinuria in a wild white-tailed deer. Journal of the 

American Veterinary Association 169:97 1-974. 

Worthy, G. A. J., and Edwards, E. F. 1990. Morphometric and biochemical factors 

affecting heat loss in a small temperate cetacean (Phocoena phocoena) and a 

small tropical cetacean (Stenella attenuata). Physiological Zoology 63 :432- 

442. 

Young, D. D., Cockcroft, V. G., Pretorius, A. R., and Peterson, R. 1997. Stress in 

dolphins: Implications for fisheries, tourism and research. Report of the 

Scientific Committee of the International Whaling Commission. SC/49/SM22, 

7 PP- 

110 



Young, E. 1967. Leg paralysis in the Greater flamingo and Lesser flamingo. 

International Zoo Yearbook 7:226-227. 

111 



n 
m Y 
cd 
0 

5 a, 
9 
&- 
a, 
a Y 

3 
.d 

2 
a, a 
I 

3 s u 

n 

c 8 
% 
.I 

i 
& 
5 a 
h 

.I 9 

5 a, 

2 
a, 
mi 
cd 
0 
Y 

9 
6 
3 
a 
% 

Y a 
.3 4 

a, 

..- 
0 c 

Y .,-I 

4 

2 

3 

.r( 
cd 
0 

4-r 
0 
c 
0 
.3 Y 

E? m 

2 
3 
!3 s 

h Y 

a, c 

x 
P 
Y 

5 
2 
-8 
!3 

v) 

a 
3 

c 
3 
.e 8 
Y 

a, 

M 
E 

B 
.e 
Lc 

4 
* 
a, 
C 

.e 2 
0 v) 

2 
5 
B 
a 
a, 

k 
0 
x w :; 
.e > 
a, 

E 
B 

2 
2 
E 

.4 

0 

0 
v) 
.e 
3 

2 

.e E! 

3 

$4 
G 
a, 

v) 
id 
0 
0 
0 

g 

2 * 

* 
cd 
B 

0 
E 
a, > 
cd c 
v) 

2 
9 
0 



8 
c, 
0 
cd 
c4 

& 
c, 
.3 3 

n 

E 
2 
s 
3 
.- 

3 
cd 
d 
E 
3 

0 

cd 

c 

. A  
c, 

3 

3 
cd 
d 
E 
-8 



4 6 
4 

1 a 
P 
00 a 

rn 
rn a 
3 

n 
4 
tf 

3 
n 

4 ce 
W 
5 

Y a, 

a, c 
0 c r3 

a 
0 
0 
P 
4 

3 --. 
3 * 4 --. ccr 

3 --. 
3 



P 
00 
CT 

i 
U 

0, 
a, 

3 

n 

% 

2 
3 3 s 

P --. 3 
P --. + 3 

(d 
P 
00 

2 
i 
D 

P 
o\ 
3 

4-l 

.Y 
6 

IA 
3 
3 



I5 
00 cn 
3 

n 

.i 
U 
*r 
0, 
Q) 
0 
cd 
3 

Q) c 
2 

3 00 
3 00 
--. --. 

hl m cn 
3 

Y 

3 + -.. 
3 

\ 
3 

3 
\ 
00 
3 



4 
W 

UY 

?? 3 
c; 
a c 
W 
m 4 

d c 3 
P 
CL 

W 
m 4 

c 
W 
m 4 

c 

Q h, 

ah, 
3 5' 4 

c; 
n 3 
" 
c 
W 
4 
m U. 

c 
h, 

s 

w 

r 
3. 
c; 

CD 

m 

n > 

W 
4 
4 

" 
L 



h, 

s E 
c- 
VI 

0" 
h, 
0 

3 
5' 
5 
2 

5 
0 
E 

4 

!F 
2 3 

Ec 
e. w 9 

Y 

0 
9 

c) 

8 v1 

A 
P, 
Li 
9 
0 
0 
3 

0 

6 3 

\o 
m 4 

m * 
"8 

4 

!P 
2 3 

\o 
4 
00 

5 Q 
L 

\o 
4 
4 

\o 
4 
P 



aaaa CDCDCDCD 

CDCDCDCD 
9,9,9,9, 
CnCnvIv) 
CDCDCDCD 
aaaa 

8888 



02 I 





RECENT TECHNICAL MEMORANDUMS 

Copies of this and other NOAA Technical Memorandums are available from the National Technical 
Information Service, 5285 Port Royal Road, Springfield, VA 22167. Paper copies vary in price. Microfiche 
copies cost $9.00. Recent issues of NOAA Technical Memorandums from the NMFS Southwest Fisheries 
Science Center are listed below: 

NOAA-TM-NMFS-SWFSC- 250 A report of cetacean acoustic detection and dive interval studies (CADDIS) 
conducted in the southern Gulf of California, 1995. 
J. BARLOW, K. FORNEY, A. VON SAUNDER, and J. URBAN-RAMIREZ 
(December 1997) 

251 Active towed-array acoustic system design study for yellowfin tuna in the 
eastern tropical Pacific fishery area. 
C. DAVID REES 
(May 1998) 

252 Issues and options in designing and implementing limited access programs 
in marine fisheries. 
S.G. POOLEY and the NMFS LIMITED ACCESS WORKING GROUP 
(May 1998) 

253 Recommended recovery actions for the Hawaiian monk seal population at 
Midway Island. 
W.G. GlLMARTlN and G.A. ANTONELIS 
(May 1998) 

254 Investigation of the potential influence of fishery-induced stress on dolphins 
in the eastern tropical Pacific Ocean: Research planning. 
B.E. CURRY and E.F. EDWARDS 
(June 1998) 

255 Marine harvest refugia for west coast rockfish: a workshop. 
M.M. YOKLAVICH, editor 
(August 1998) 

anatomical data and its implications for underwater acoustic impacts. 
D.R. KETTEN 
(September 1998) 

256 Marine mammal auditory systems: A summary of audiometric and 

257 Estimation of sea turtle take and mortality in the Hawai'i-based longline 
fishery, 1994-96. 
R.A. SKILLMAN and P. KLEIBER 
(October 1998) 

J. BARLOW, P.S. HILL, K.A. FORNEY, and D.P. DeMASTER 
(December 1998) 

258 U.S. Pacific marine mammal stock assessments: 1998 

259 The Hawaiian Monk Seal in the Northwestern Hawaiian Islands, 1996. 
T.C. Johanos, and T.J. Ragen 
(March 1999) 


	I BACKGROUND
	A Introduction
	B The ETP Yellowfin Tuna Fishery
	1 Dolphins and the ETP Tuna Purse-Seine Fishery
	2 Fisheries Operations
	Search Procedures
	Chase and Capture Procedures
	Behavioral Observations of Dolphins During Capture
	Capture Rate


	Stress In Mammals
	1 Stressors
	2 Individual Temperament and Stress
	3 Stress Theory
	Previous Research
	Current Research
	Four relevant subsets of research


	4 Stress Physiology
	The Hypothalamic-Pituitary-Adrenal axis
	Corticotropin Releasing Factor and Adrenocorticotropin
	Glucocorticoids
	Cortisol
	Catecholamines
	Other Physiological Agents
	Physiological Stress In Cetaceans
	Adrenocortical response
	Thyroid hormone balance
	iii Capture stress and cetaceans




	IN THE ETP
	A Potential Consequences Of Search
	B Potential Consequences Of Chase And Capture: Immediate Effects
	1 Psychosocial Effects of Chase and Capture
	Social Separation
	Isolation and Restraint
	Social Aggression
	Novelty
	2 Immediate Physiological Effects Related to Chase and Capture
	Capture Myopathy
	Hyperthermia


	3 Capture Stress and Noise

	C Potential Consequences Of Chase And Capture: Long-Term Effects
	1 Stress-Induced Pathologies
	Stress-Related Pathologies in Dolphins

	2 Stress-Induced Changes in Immune Function
	3 Stress-Induced Changes in Reproductive Function
	General Mechanisms
	Effects on Female Reproduction
	Effects on Male Reproduction

	4 Stress-Induced Changes in Growth
	5 Stress-Induced Changes in Metabolism


	I11 DISCUSSION
	Potential Immediate Effects Of Stress
	B Potential Long-Term Effects Of Stress
	C Effects Of Stress On Immature Dolphins
	D Conclusion

	ACKNOWLEDGMENTS
	LITERATURE CITED
	dolphins involved
	physiological responses to stress in mammals
	birds
	myopathy in mammals and birds

	Some stress associated changes in the immune system of mammals



